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ABSTRACT

The Carmel Bay ASBS is Tocated in Monterey county immediately
adjacent to the town of Carmel (population 5,000). The ASBS is south of
the Monterey Peninsula, just north of the Santa Lucia mountain range,
and west of the Carmel Valley.

The ASBS includes 6.2 miles of coastline, extending from Péscadero
Point to Granite Point (just north of Pt. lLobos). Pescadero Point, the
northern boundary of the ASBS, is located at co-ordinates 36°34' N. Lat.
.. 121°57' W. Long.; Granite Point, the southern boundary, is located at
coordinates 36°31' N. Lat., 121°56' W. Long. The seaward boundary of
the ASBS is formed by a straight line drawn between Pescadero and Granite
Point; the landward boundary is the mean high tide line. Total surface
water of the ASBS is 959 acres. ’

The coastline of the ASBS is characterized by alternating high
rocky cliffs, rocky points, sandstone areas and extensive granitic sand
beaches. Pescadero and Arrowhead Points provide major protection for
cove and beach areas from the open ocean exposure. Several major water-
sheds drain into the ASBS via Carmel River and San Jose Creek.

The submarine area is dominated by the Carmel Canyon, which origi-
nates about 1/4 mile from shore and drops off steeply to depths of 1,200
_ feet approximately one mile offshore. The remainder of the floor is sand
and mud surrounding the Canyon, conglomerate lining Stillwater Cove, and
rocky substrate in many other areas. '

Water circulation within the ASBS is poorly understood but is strongly
inf]qenced by the California and Davidson currents, the Carmel Canyon
and wind patterns. Water quality appears to be good, however, some un-
certainty exists regarding the overall impact of an existing wastewater
discharge.
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As a result of varied intertidal and subtidal habitats and good water
quality, the ASBS harbors diverse and abundant biota. 1In the opinion of
the investigators, the richness of Carmel Bay biota justifies the ASBS
designation. The relatively accessible and undisturbed nature of the
marine environment renders the area ideal for scientific study and observa-
tion. Of special interest is the existence of the rare purple hydrocoral,
Allopora california, several deep water marine invertebrates, previously

unstudied sponges, and the sea otter.

Water quality in the ASBS appears to be adequately protected; how-
ever, as mentioned previcusly, some uncertainty exists with regard to
the Carmel Sanitary District's wastewater discharge. Efforts are continu-
ing to resolve the question of continued discharge to the ASBS.
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FINDINGS

1. With the exception of Stillwater Cove, the coastline of the Carmel
Bay ASBS is exposed to the open ocean. As a result, promontories have a
weathered appearance; the beaches are steep, with coarse-grained sand.
Several promontories provide limited, localized protection from wave
action.

2. The geology of the ASBS is complex and has a profound influence on .
both the subtidal and intertidal biota. At lease five distinct geological
formations occur along the shoreline; the submarine topography is domi-'
nated by the Carmel canyen, which begins only 1/4 mile (402 m) offshore
and encompasses most of southern Carmel Bay.

3.  Current patterns in the ASBS are not well documented. Large-scale,
offshore currents are probably a major influence and determine oceano-
graphic seasons in the ASBS. Surface currents are influenced by winds
and appear to be predominantly southward in the south bay. The submarine
canyon creates tidal oscillations in subsurface waters.

4. The ASBS has a Mediterranean climate. Local meteorology is greatly
influenced by adjacent Tand topography (Carmel Valley), and ocean upwell-
ing activity and marine air.

5. The ASBS is bordered by private land (Del Monte Forest) to the north
and primarily pubiic beaches (Carmel City Beach, Carmel River State Beach)
to the south. Adjacent land use is for the most part residential,
although limited agricultural and grazing activity occur on lands south
of the Carme! River. Limited population growth can be expected in the
lower Carmel Valley.

6. The shoreline of the ASBS has been developed to accommodate a wide
variety of recreational activities, with Carmel City Beach receiving the
heaviest use. Skin diving constitutes the greatest recreational use of
the ASBS; in 1972 31.6 ¥ of all skin diving activity in northern and cen-
tral California occurred at Carmel River State Beach.
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7. Commercial fishing has not been allowed in the ASBS since its inclu-
sion in Carmel Bay Ecological Reserve in 1977. Kelp is harvested commer-
cially in the ASBS, primarily offshore from Carmel City Beach and usually
during the summer. Spearfishing is a major sportfishing activity in the
ASBS, with rockfish and 1ingcod most commonly taken.

8. The rocky intertidal zone biota of the ASBS exhibit a high degree

of diversity within a relatively short length of coastline. This feature,
combined with the excellent access to most areas, makes the intertidal
zone a particularly valuable educational resource.

9. The rocky intertidal zone biota do not appear to be significantly
disturbed by human activity, possibly because most recreational use of
the shoreline occurs in beach areas.

10. The diversity and richness of Carmel Bay's subtidal biota appears

to result from (1) the variety of substrate types, existing in close prox-
imity to each other; (2) the subtidal topography, which includes pinnacles
and a submarine canyon, as well as sand areas, boulders, cobbles, and
pavement-1ike rock; and (3) the occurrence of species at the northern or
southern extreme of their range. Stillwater Cove, in particular, contains
numerous species not usually found so far north. The water clarity is
remarkable, particularly in nearshore areas; this feature increases pro-
ductivity and contributes to the extreme popularity of the ASBS as a diving
area.

11. Water quality characteristics in the ASBS are not well documented.
Most measurements have been made in shallow portions of the bay; these
limited data indicate that average values, ranges, and seasonal variation
resemble those of Monterey Bay. However, salinity values appear to be
influenced somewhat by the degree of run-off from the Carmel River. Addi-
tional monitoring is needed to adequately assess the potential impacts

of point and non-point source discharges on the waters of the ASBS.

12. Water gquality data are also lacking on the Carmel River, a major
drainage system which discharges to the ASBS. Little is known about the
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water quality or flows of San Jose Creek or the numerous storm drain dis-
charges into the ASBS. In order to ensure that water quality ih the ASBS
is being adequately protected, these discharges should be monitored for
guality and quantity. Assessment of general water column characteristics,
as well as flow data, will allow some determination of the degree to which
these discharges are responsible for fluctuations of various parameters
within the ASBS.

13. The Carmel Sanitary District sewage treatment plant discharges about
2 MGD of secondary treated effluent to the shallow subtidal zone of the
ASBS. The collection system borders the ASBS along Carmel City Beach.
The sewage treatment plant has generally provided a high level of treat-
ment during its five years of operation as a secondary treatment plant.
Effluent concentrations of conservative elements appear to be relatively
low based on the limited data available.

14. The Carmel Sanitary District's discharge occurs in an area of high
water movement; however, five years of monitoring during operation of
the plant has not produced conclusive information, and five years of

monitoring during operation of the plant has not produced conclusive in-
formation of any significant impact by the discharge on the ASBS.



INTRODUCTION

The Catifornia State Water Resources Control Board, under its Resolu-
tion No. 74-28, designated certain Areas of Special Biological Signifi-
cance (ASBS) in the adoption of water quality control plans for the control
of wastes discharged to ocean waters. The ASBS are intended to afford
special protection to marine life through prohbition of waste discharges
within these areas. The concept of "special biological significance"
recognizes that certain biological communities, because of their value
or fragility, deserve very special protection that consists of preservation
and maintenance of natural water quality conditions to practicable. extents
(from State Water Resources Control Board's and California Regional Water
Quality Control Boards' Administrative Procedures, September 24, 1972).

Specifically, the following restrictions apply to ASBS in the imple-
mentation of this policy.

1. Discharge of elevated temperature wastes in a manner that would
alter natural water quality conditions is prohibited.

2. Discharge of discrete point source sewage or industrial process
wastes in a manner that would alter natural water guality conditions is
prohibied.

3. Discharge of wastes from nonpoint sources, including but not
limited to storm water runoff, silt and urban runoff, will be controlled
to the extent practicable. In control programs for wastes from nonpoint
sources, Regional Boards will give high priority to areas tributary to
ASBS.

4. The Ocean Plan, and hence the designation of Areas of Special
Biological Significance, is not applicable to vessel wastes, the control
of dredging, or the disposal of dredging spoil.




In order for the State Water Resources Control Board to evaluate
the status of protection of Carmel Bay ASBS, a reconnaissance survey inte-
grating existing information and additional field study was performed by
Karen Sjogren, Andrea McDonald, Kathleen Casson and Mark Silberstein.
The survey report was one of a series prepared for the State Board under
the direction of the California Department of Fish and Game and provided
the information compiled in this document. “

Carmel Bay was originally sponsored for ASBS status by the California
Department of Fish and Game, Department of Parks and Recreation, Hopkins
Marine Station and the University of California at Santa Cruz. Carmel
Bay was designated an ASBS on July 19, 1975; it was the last of the thirty-
four ASBS to be designated.



ORGANIZATION OF SURVEY

The subtidal area of the ASBS was surveyed by means of five short
survey dives and two 1ine transects, located to cover areas which are
not well described in the literature. The description of the subtidal
area in the vicinity of the Carmel sewage outfall is based on receiving
water monitoring reports. The species list was compiled from survey and
transect dives only.

Six rocky intertidal sites along Carmel Bay ASBS were surveyed during
five early morning low tides; the sites were chosen sc as to cover the
geological types within the intertidal area and the associated diversity
in biota. An extensive literature review of intertidal studies in the
area was conducted, and these are referenced in the species lists (Appendix
1 and 2) and in the annotated bibliography.

The land and water use description incorporates information from
the 1iterature, unpublished data, public agency documents, and personal
observations. The description of sources of water pollution is based on
examination of treatment plant records, discussions with and tours by
plant personnel, engineering feasibility reports prepared for the Carmel
Sanitary District, and receiving water monitoring reports.



"PHYSICAL AND CHEMICAL DESCRIPTION

Location and Size

The Carmel Bay ASBS is Jocated in Monterey County, immediately adja-
cent to the town of Carmel (population 5,000). The ASBS is south of the
Monterey Peninsula, just north of the Santa Lucia mountain range, and
west of the Carmel Valley.

The ASBS includes 6.2 miles (9.98 km) of coastline, extending from
Pescadero Point to Granite Point, just north of Pt. Lobos. Pescadero
Point, the northern boundary of the ASBS, is located at coordinates 36°34'
North latitude, 121°57' West longitude; Granite Point, the southern bound-
ary, is located at coordinates 36°31' North latitude, 121°56' West longi-
tude. The seaward boundary of the ASBS is formed by a straight line
drawn between Pescadero and Granite Points; the landward boundary is the
mean high tfde Tine. Total surface water of the ASBS is 959 acres
(38 ha). See Figure 1.

Carmel Bay is oriented in a north-south direction and has a wide
opening to the sea. With the exception of Stillwater Cove, the coastline
is exposed to open ocean; this accounts for the coarse sand and the steep-
ness of the beaches. Rocky promontories here receive strong wave action
and, therefore, have a weathered appearance.

The ASBS coastline is characterized by alternating rocky points and
extensive granitic sand beaches. A high rocky c1iff extends northeastward
from‘Pescéderb Point, forming partial protection for Stillwater Cove and
Pebble Beach. Arrowhead Point, just south of Stillwater Cove, is oriented
in a southwesterly direction and partially protects both the cove and
Carme} City Beach to the south from wave action. Carmel City Beach extends
south to Carmel Point (also known as Mission Point), which marks the mid-
point of the Bay's coastline.



The Carmel Rivér drains into the ASBS just south of Carmel Point.
The coastline just north of the river and a few miles south consists of
the steep Carmel River Beach, interspersed with a few granite outcroppings.
The Carmel Sanitary District outfall extends offshore, just south of the
river mouth, from a rocky intertidal area.

San Jose Creek drains into the south end of Carmel River State Beach,

- a steep sandy cove which encloses the Carmel submarine canyon. This beach
is known as San Jose Beach or Monastery Beach because of the proximity
of the Carmelite Monastery to the beach. The rocky, steep cl1iffs southwest
of Monastery Beach extend westward to Granite Point, the southern boundary
of the ASBS. A targe rocky cove located just northeast of Granite Point
is generally referred to as Hudson Cove as it lies adjacent to a portion
of the o1d Hudson Ranch.

Nearshore Waters

Currents: Current patterns in Carmel Bay are influenced primarily
by the offshore oceanographic regime, the Monterey and Carmel submarine
canyons, and local winds.

The offshore oceanographic regime has a predictable yearly pattern,
consisting of three periods: upwelling, oceanic, and Davidson. These
distinct periods are correlated with the depth and nearshore proximity

~of the southward flowing California Current.

The California current is the eastern leg of the North Pacific Gyre,
a massive, clockwise-moving current system which encompasses the entire
North Pacific ocean. Approximately between February and July, the Calif-
; ornia current is strong and close to the surface. Northwest winds and
other factors cause surface waters to move seaward. Colder, nutrient
rich water upwé]]s to the surface. Upwelling is usually very pronounced
in the ASBS, partially because the Carmel canyon allows cold, deep oceanic
waters access to the bay.
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Generally between July and November, the oceanic period, northwest
winds subside, and the California Current flows southerly, close to shore.
Usually from November to February, the entire North Pacific Gyre and Calif-
ornia Current are weakened. The Davidson current, a northward flowing
subsurface countercurrent, rises toward the surface along the coast.

This current brings warm, southern water to the area.

Local winds modify or counteract large-scale current patterns in
surface waters of the ASBS. Blaskovich found that drift cards released
between March and August in the bay were blown shoreward by predominant
northwest winds. In January, cards released off Pt. Lobos were found at
various peints along the Monterey Peninsula. The predominant influence
at this time could have been the northward flowing Davidson current, and/or
southwest winds.

Work by Kinnetics Laboratories (1976, 1977) and others indicates
that subsurface currents flow both up and down the Carmel canyon, approxi-
mating the period of the diurnal tidal cycle. Net flow appears to be
down canyon or offshore. Surface currents in the south bay appear to
move southward, toward Pt. Lobos. The predominance of a nearshore, south-
ward moving current has been substantiated by dye release studies by Lee
(in Wong, 1970) and observations by SCUBA divers at Monastery Beach and
Carmel River State Beach.

Water Column: Carmel Bay is a relatively wide-mouthed bay with 1ittle
freshwater inflow; water column characteristics would therefore be expected
to resemble those of the open ocean. However, very few measurements of
the physical and chemical parameters of the bay have been made, and these
do not provide a comprehensive description of water quality.

Most water gquality measurements have been made in the vicinity of
the Carmel Sanitary District outfall, located in the south bay just'south
of the Carmel River. Odemar (1971) conducted a cursory study of the out-
fall area and measured temperature and visibility at seven stations.

More extensive water quality measurments were made by Hopkins Marine Sta-
tion and other contracted agencies (Envirotech, Inc., 1974; Oceanographic
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Services, Inc., 1975; Kinnetics Laborities, Inc., 1976, 1977) as part of
the district’s monitoring program. Measurements were made at up to quar-
terly intervals along ten transects located in the south bay. Location

of the transects is shown in Figure 2; monitoring data are summarized in
Tables 1 and 2. No water quality data exist for the bay between Pescaderc
Point and Carmel Point or for other areas greater than 66 feet (20 m)
depth.

Water temperature measurements in the bay range between 48° and 63°F
(9° and 17°C), and these limited data correspond well with the long-range
averages and seasonal variations documented by Skogsberg (1936) for '
Monterey Bay. Both surface and 66 foot (20 m) temperatures show a decline
between February and July, as upwelling causes colder, subsurface water
to rise from depths. During late summer and early fall, temperatures
throughout the water column increase. None of the monitoring studies
detected a distinct thermocline, probably due to the shallow depths of
the transects and their proximity to the surf zone. Temperature data
from 1976-77 are somewhat higher than that from previous years, possibly
because upwelling was less pronounced that year (Kinnetics, 1977). Sub-
surface temperatures showed a decline between 1973 and 1975. .

Data collected between 1973 and 1977 show that salinity in the south
bay varied only slightly with depth and transect location at any one time.
However, average salinity increased rather dramatically during this period,
probably due to the much reduced runoff from the Carmel River and other
sources during those drought years. Relatively low salinities were re-
corded between February and October of 1973, with a definite Tow in April
which coincided with maximum discharge from the Carme]l River. Between
June 1874 and March 1977, the south bay's average salinity appfoached
that of the North Pacific Ocean (34.1%0¢), as might be expected with
almost no freshwater inflow. However, the apparent increase might be
due in part to differences in analytical methods and technique. The moni-

toring studies did not detect a halocline, probably because the transects
are located in shallow water close to the surf zone.
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Figure 2. Combined Station Locations for Temperature and Salinity Data
in Table 1 and 2. _ ’
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Dissolved oxygen measurements ranged between § and 10 mg/1 with
little variation among transect stations. In general, values are consis-
tent at these shailow depths through the year and are similar to average
concentrations recorded for Monterey Bay. Data were collected by various
surveyors and some variation could be attributed to a difference in ana-

Tytical techniques.

Information on nutrient Tevels in the ASBS was not available. Exten-
sive California Cooperative Fisheries Investigations (CALCOFI) work in
Monterey Bay indicates that nitrate, nitrite and phosphate levels are
elevated in surface waters during periods of upwelling (Engineering-Sci-
ence, 1977).

Monitering studies indicate that turbidity in the south bay is highly
variable. However, turbidity was measured using a variety of techniques,
so direct comparison of data is not possible. Undoubtedly, turbidity
increases in sand or mud bottom areas, in areas close to shore, and during
periods of wind and/or storm.

Spring upwelling and the resulting plankton bloom decrease visibility
drastically. Visability is particulary good at Monastery Beach; hence
divers are attracted to the area. High visibility is largely due to the
submarine canyon, which consists primarily of resistant granodiorite and
. contains very little sediment. In addition, the steep drop~off of the -
canyon close to shore prevents the formation of surf until almost the
shoreline; thus preventing bottom sediment from being stirred up.

Topographic and Geomorphic Characteristics

Submarine Topography: The submarine topography of the ASBS is domi~
nated by the Carmel canyon, a major tributary of the Monterey submarine
canyon. The Monterey canyon, one of the largest in the world, originates
just offshore from Moss Landing, and extends into the center of Monterey
Bay. The Carmel canyon originates about 1/4 mile offshore from the mouth
of San Jose Creek in the ASBS. It extends offshore in a westerly direction
for about 3 m11es (Grkm), then turns abruptiy and continues to the north-
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west for 12 miles (19 km) before joining the Monterey canybn. The Carmel
Canyon drops off steeply, reaching a depth of 1,200 ft. about 1 mile (200
fathoms, 1.6 km) offshore and a depth of 3,000 feet about 6 miles (500
fathoms, 9.7 km) offshore. The 120 foot (20 fathom) contour generally
separates the canyon from shallower regions of the bay. In most locations
the 120 foot (20 fathom) curve is less than 1/2 mile offshore, meaning
that the canyon widens quickly so that it includes most of southern Carmel
Bay.

It is thought that fault 1ines determined the orientation of Carmel
canyon (Martin and Emery, 1967). The nearshore 3 mile portion of the
canyon is alligned with the westward trending Carmel Valley fault; the
offshore 12 mile portion is aligned with the northwesterly feeding Carmel
Canyon fault (a seaward extension of the Sur and Palo Colorado faults)
(Moritz, 1968).

Geophysical Characteristics: The geology of Carmel Bay has been
described by various investigators (Marin and Emery, 1967; Simpson, 1972;
Moritz, 1968). Several distinct formations are found at different loca-
tions along the shoreline.

The granite outcroppings represent the northwestern-most extension
of the Santa Lucia mountain range, for which granodiorite is the basement
rock. Granodiorite is an extremely coarse-grained, easiiy weathered rock
containing quartz and Targe dark crystals of orthoclase feldspar. Sub-
tida]ly, most of the floor and walls of the Carmel submarine canyon consit
of granodiorite, which accounts for the unusually high visibility here.
Intertidally, granodiorite occurs as promontories, boulders and cobble
at Pescadero Point, Carmel Point, in the vicinity of the buried sewer
outfall, and at the north end of Hudson Cove. Intand of the ASBS, granite
outcrops occur north of Stillwater Cove, in the Carmel Valley, and along
San Jose Creek, extending south to Pt. Lobos. (Simpson, 1972).

The Carmelo series, also common in and adjacent to the ASBS, can

consist of four distinct rock types: sandstone, siltstone, conglomerate
and shale. The predominate rock type in the ASBS is a conglomerate con-
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covers a total of about 225 square miles (585 kmz)_(Army Corps of Engi-
neers, 1974} in a northwest-southwest direction. Carmel Valley, the lower
portion of the watershed, extends eastward about 15 miles (24 km) from

the river mouth.

The estimated 50-year mean annual run-off from the Carmel River is
142,300 acre-feet (176 hm3). Flow is highly variable, both seasonally
and from year to year. Between August 1962 and September 1967, mean annual
flow was only 63,200 acre feet (78 hms) and no measurable flow occurred
at the gaging station during the first three-quarters of 1977. - (Sedway/
Cooke, 1577). Ninety percent of the river's flow occurs between February
and August. '

Clinate

The ciimate of the Carmel Bay ASBS is characterized by mild air tem-
peratures and cool ocean breezes. Fog persists (until eariy afternoon)
in late spring and summer. Typically 90% of the rainfall occurs between
November and April, and summers are dry.

Table 3 summarizes air temperature and rainfall data from two stations
adjacent to the ASBS at the Carmel sewage treatment plant and at Pebble
Beach. At the treatment plant, temperatures ranged between 43°F (6°C)
and 68°F (20°C) during the past five years; rainfall averaged 19.6 inches/
year (49.8 cm/yr.). Data taken at Pebble Beach over a ionger period of
time show an average low air temperature of 50°F (10°C) in the winter
and an average high air temperature of 58°F (14.4°C) in summer. Yearly
rainfall here averaged 17.3 inches (43.9 cm).

Data are not available on wind speed or direction in the ASBS. Accord-
ing to Ranger Culbertson at Pt. Lobos State Reserve, prevailing winds
are from the north and northwest, with southerly winds accompanying storms.
The proximity of land and water creates a diurnal pattern of onshore-off-
shore breezes, rarely absent. Winds are generally less than 10-15 miles
per hour, (16-24 km/hr.) except during storm conditions.
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TABLE 3

Average Monthly Temperatures and Rainfall in the ASBS

Carmel Sanitary District Temperature * Pebble Beach Temperature *%*

Average Average Average Average

Maximum Minimum Average Rainfall Maximum Minimum Average Rainfall
Jan 61 43 54 1.75 59 41 50 3.79
Feb 63 51 57 2.49 ' 61 43 52 2,70
Mar 65 56 57 3.89 61 43 -52 2,51
Apr 63 51 57 12,06 62 45 54 1.75
May 66 55 60 0.66 63 48 55 0.55
June 67 59 63 0.82 65 50 57 0.17
July 68 61 54 0.09 64 51 58 0.04
Aug 67 60 54 0.40 65 52 58 10.07
Sep 68 60 53 0.28 68 51 60 0.38
Oct 68 57 63 1.46 68 49 58 0.51
Nov 67 53 60 1.87 66 45 56 2,17
Dec 64 49 57 2.83 62 43 52 2.67

19,60 64 47 55 17.31

* Based on data collected between July 1973 - June 1977,

*% Based on 13 years data (temperature) and 16 years data (precipitation)
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During the spring, prevailing winds are from the northwest due to
the nearshore presence of the Pacific high pressure cell. As inland tem-
peratures increase, the warmer air rises and cooler marine air is pulled
inalnd along valley contours. Thus westerly winds are intensified. Fog
is caused during the same time period and is generally more intense as
upwelling activity increases on into the summer. '

In autumn, the Pacific High moves southward, making way for winter

storm fronts. After a varying period of calm, clear days, the first winter
storms occur, usually in September or October.
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BIOLOGICAL DESCRIPTION

Subtidal Biota

Carmel Bay has been the subject of several subtidal studies, partic-
ularly the area near the Carmel sewer cutfall (offshore of Carmel River
Beach) and Monastery Beach. The five survey dives and two line transects
were located to cover areas which are not well described in the Titerature.
However, the head of Carmel Canyon was not surveyed. Dive sites and tran-
sects are identified in Figure 1.

The following descriptions focus on the major features of the kelp
forest: bottom topography and sediment distribution, giant kelp density,
and dominant algal, invertebrate and fish species. The survey dives were
. of brief duration, and the descriptions are only a partial indication of
the extremely rich and diverse subtidal bijota found in the ASBS.

Pescadero Point Trénsect: (Figure 3) Pescadero Point is located
at the northernmost extreme of the ASBS. The Point is exposed to the
open ocean, and during periods of large swell and surge, diving at shallow

depths is not feasible.

The boulder field and general rugged relief of the intertidal zone
continue subtidally to a depth of about 45 feet (14 m), where an immense
pinnacie, occupying 66 feet {20 m) of the transect, rises to within 25
feet (7.6 m) of the surface from a maximum depth of 65-70 feet (19.8-

21 m). A tunnel approximately 30 feet high and 30 feet long runs through
the rock. Beyond the pinnacle, a very flat, pavement-like area extends

to the seaward 1imit of the transect. Another large pinnacle, rising to
within 20 feet (6 m) of the surface, is situated just east of the transect.

A giant kelp, Macrocystis, dominated canopy is located at Pescadero
Point, iqterspersed with bull kelp, Nereocystis leutkeana. There were
six adult Macrocystis plants along the transect 1ine, with an average of
seven stipes per plant. Undoubtedly, kelp dentisy had been reduced by
the severe storm just prior to the survey. Five juvenile kelp plants
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Figure 3: Overview of Pescaderc Point tramsect (to scale).
Pterygophora is shown in the shallow portion

of the transect, with Macrocystis dominating in
deeper water. The pinnacle and tummel referred to
in the text are shown between the 40 and 60 meter mark.
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were also observed. Articulated corallines were overwhelmingly dominant
in the boulder field.

An interesting bryozoan, Heteropora sp., was common in the boulder
field, where it occurred in small spherical colonies attached to articu-
lated corallines. Didemnum carnulentum and Archidistoma psammion were
the two most common tunicate species in this habitat. The lined chiton,
Tonicella lineata, was a common molluscan species and occurred throughout

on encrusting corallines.

The bat star, Patiria miniata, was present although in relatively
low densities. The leather star, Dermasterias imbricata, was one of the
more common sea stars. Of unusual interest was the presence of the deep
water sea star, Mediaster aequalis, which was abundant along the transect.

The pinnacle within the transect was covered by a bright patchwork
of sponges, tunicates, bryozoans and anemones. The entrance to the tunnel
was flanked at the top by massive (2 feet in diameter) colonies of the
sponge, Stelletta clarella. The purple hydrocoral, Allopora californica,
was present in small colonies above the entrance. The rock walls within
the tunnel were an intricate mosaic of many species of sponges, tunicates,
hyrdroids and some bryozoans. Numerous colonies of the deep water sponge,
Toxadocia sp., were conspicuous on the tunnel walls, as was the tunicate,

-Diplosoma macdonaldi.

On the top and sides of the pinnacle, invetebrates, interspersed -
with a1gae, provided an extremely rich and diverse cover. The bryozoans,
Heteropora sp. and Phidolopora pacifica, grew in low turfs or thickets.
The hydroid species, Abiertinaria spp., and the crust forming bristle
worms, Dodecaceria fewkesi, were common on top.

The palm kelp, Pterygophora californica, was also common inshore,
and thirteen plants were counted in one 1x10 meter swath. It did not
occur, however, beyond 50 foot (15.2 m) depths.
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At about 50 foot (15.2 m) depths, articulated coralline algae remained
dominant but became interspersed with the algae, Gigartina spp., Prionitis
sp., Plocamium cartilagineum, and Weeksia reticulata. The brown algae,

Cystoseira osmundacea, occurred throughout the transect but was never

dominant.

Although invertebrates were the dominant cover on the pinnacle, en-
crusting coraliines covered large areas; Rhodymenia spp., otherwise absent,
was common. The pavement-like area beyond the pinnacle contained a mixture
of encrusting coralline and red algae.

Other subtidal areas along the transect provided diverse habitats
for a rich invertebrate fauna. Colonial invertebrates dominated the sides
and bases of inshore rocks, including the cobalt blue sponge, Hymenamphiastra
cyanocrypta, the encrusting bryozoan, Cryptosula pallasiana, and the cup
coral, Balanophyllia elegans. Dodecaceria fewkesi, the crust forming
bristle worm, was ubiquitous on rock surfaces. The small greenish-black
tentacles of this worm could be seen protruding from beneath a character-
istic layer of encrusting coralline algae. Other invertebrate species
common on the pinnacle are listed in Appendix 3.

Beyond the pinnacle, the deeper, flat portion of the transect was
generally barren of invertebrates, axcept for a small bristle worm,
Diopatra, colony found clinging to a sloping rock at about a 65 foot
(20 m) depth. The presence of blue sharks was reported in this area by
other divers during the survey period, and one was observed during one
dive. An influx of open ocean plankton occurred during the survey at
Pescadero Point and several species of ctenophores, heteropods and medusae
were common in the water column.

Pescadero Point Wash Rock Survey: Pescadero Point wash rock is lo-
cated at the north, semi-exposed end of the ASBS; waves break over the
rock when there is a heavy swell. The southeast (offshore) face has a
dramatic relief, with a nearly vertical 20 foot (6 m) wall near the top
and steep talus slope below. The sloping bottom is highly irregular,
with large boulders and rock masses. The pinnacle and surrounding rock
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slope were both covered with a dense growth of encrusting animals. To

the east of the wash rock is a large sink hole 25 feet (7.6 m) in diameter,
with rock walls 15 to 30 feet (4.6 to 9 m) high. Inshore (north) of this
is a shelf of softer rock.

Few giant kelp are growing immediately adjacent to the pinnacle.
The brown algae, Laminaria dentigera, was more abundant than palm kelp
though both were common. Rhodymenia sp. and articulated corallines occcur-
red on vertical faces, though animal cover was dominant over the plants.

_ The éponges Tethya aurantia, Stelletta clarella, and numerous uniden-
tified species were an important part of the faunal cover. Hydroids were
abundant; Abiertinaria spp. and Eudendrium sp. occurred in large colonies,
and Plumularia spp., Hydractinia sp., and the alcyonarian, Clavularia

Sp. were common.

The anemone, Anthopleura xanthogrammica, was found at the base of
the wash rock on the east side. The anemone, Tealia lofotensis, was abun-
dant and the strawberry anemone, Corynactis californica, covered many
square meters on the vertical walls of the wash rock. Three or four large
red abalone, Haliotis rufescens, were in crevices on the eastern side of
the wash rock. Very large heads of the bryozoans, Hippothoa hyalina,
and Diaperoecia californica, existed on rock surfaces at the base of the

wash rock.

A sizeable sea urchin bed, primarily Strongylocentrotus purpuratus
but with Targer S. franciscanus in crevices, was found on a shelf to the
north of the sinkhole formation. The urchins were nestled in individual
depressions in the soft rock and occurred in densities up to 40 per square
meter.

The shallow water 6chre star, Pisaster ochraceus, was found at the
base of the wash rock. Sheets of the tunicates Didemnum carnulentum and
Diplosoma macdonaldi were present on rock surfaces.
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Adult blue rockfish, Sebastes mystinus, were very abundant as were
kelp rockfish, S. atrovirens. Kelp greenlings, Hexagrammos decagrammus,
and black-and-yellow rockfish, S. cryscmelas, were also seen here, and
various species of surfperch including Embiotoca lateralis, striped surf-
perch, and E. jacksoni, black surfperch, were present.

Stillwater Cove Survey: Stillwater Cove is an embayment near the
northern end of {armel Bay, sheltered from northwest swells by Pescadero
Point.

The floor of Stillwater Cove is shallow and relatively flat. Soft
Carmelo formation rocks lie throughout the cove, although a few larger
outcrops exist and fiat Tow rocks interspersed with patches of sand and
cobble (2 to 4 inches in diamteter) are present.

The palm kelp was common in Stillwater Cove, particularly at depths
of around 30 feet (9 m). The brown algae, Dictyoneurum californicum,
was noted on the larger outcrops. Articulated corralines were common
throughout and became dominant on the large rock outcrops. The red alga,
Nitrophylium cincinnatum, occurred as an epiphyte on a number of the cor-

allines.

7 Gigartina spp. commonly grew on the low rocks and boulders. Other
common algae were Gelidium sp., Desmarestia ligulata var. ligulata,
Prionitis Janceolata, and Botryoglossum farlowianum.

The bat star, Patiria miniata, was common, occurring on rock, sand,
other animals and algae. Aplysia californica, the sea hare, was conspic-
uous feeding on filamentous and fleshy red algae.

The striped surfperch, Embiotoca lateralis, and black surfperch, E.
jacksoni, were the fish species most commonly seen.

Carmel Beach Survey: Although the Carmel Beach giant kelp bed is
generally one of the most extensive in central Califernia, Macrocystis
pyrifera density was low at the time of the survey and the canopy thin
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and scattered. This bed was probably reduced by the preceding storm as
evidenced by uprooted holdfasts and holdfasts with reduced numbers of
stipes.

The subtidal substrate typica]]y consists of large sand and gravel

- areas between low rock outcrops. These outcrops are softer rock, similar
-in composition to those seen on the shore of nearby Arrowhead Point.

One anomalous granite outcrop occurred near the outside edge of the kelp
bed, rising within 10 feet (3 m) of the surface.

The biota was fairly diverse, although not extremely dense. A sparse
brown algae, Laminaria dentigera, understory occurred inshore and topped
the granite outcrop. Articulated and encrusting corallines dominated on
this same outcrop.

The spherical sponge, Tetilla arb, was common off Carmel Beach, with
tennis ball-sized colonies growing on rocks. The massive greyish-green
Spheciospongia grew in colonies on larger rocks.

The anemone Tealia lofotensis was common, and T. coriacea also exists.
The bristle worms, Dodecaceria fewkesi, formed extensive crusts on the
more gently sloping faces of the granite outcrop. The feather duster ‘
worm, Eudistylia polymorpha, was abundant in crevices. Upright thicket-
forming bryozoans were absent. The sea stars, Pisaster giganteus and P.
ochraceus, were abundant on the granite pinnacle.

This was the only Carmel Bay survey site where the colonial tunicate,
Polyclinum planum, commonly occurred. The erect flattened pads formed
- by this'species have earned it the common name of elephant ear tunicate.
The colonial tunicates, Archidistoma psammion, Diplosoma macdonaldi and
Trididemnum opacum, were widely distributed at this site.

Carmel Beach Wash Rock Survey: This emergent Carmelo Formation rock,
. with its base at 20-25 foot (6-8 m) depths, had a diverse biotic assem-
blage including many characteristically shallow water forms.
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The offshore edge of the wash rock rises almost directly from a white
sand base. Directly inshore and to the south of the rock are outcrops
of flat rock which supported small kelp beds. To the south of the wash
rock, possibly the result of an eddy formed by the rock, is an area of
coarse and shelly sand where considerabie debris has collected.

A profusion of plant and animal 1ife covered rocks. Vertical faces
were crowded with sessile invertebrates and rock tops supported lush algal
growth. The brown algae, Cystoseira osmundacea, was abundant, particularly
inshore of the wash rock. Also, the brown algae, Laminaria dentigera,
was common in shallow water around and on the wash rock. Palm kelp was
common in the more éxposed areas including the north and offshore edges
of the wash rock, and formed an understory in the kelp bed to the south.
The surfgrass, Phyllospadix sp., was present in shallow areas around the
eastern perimeter of the outcrop area. Relatively large areas of delicate
filamentous red algae were noteworthy. Extensive mats of the yellow finger
sponge, Polymastia pachymastia, were also found here.

The anemone, Anthopleura xanthogrammica, generally restricted to
the intertidal zone, was common at the base of the wash rock. The anemone,
Tealia lofotensis, occurred by the hundreds around the base of the rock.
Tealia crassicornis, though less common, was also present as was the
brooding anemone, Epiactis prolifera, among the brown alga, Cystoseira
osmundacea. In addition to these anemones, dense hydroid growth was
observed, including Eudendrium sp., Eucopella sp., Hydractinia sp., and

Aglaophenia spp.

Sandy tubes of the polychaete, Phragmatopoma californica, covered
some vertical faces of the wash rock. An unidentified species of burrow-
ing clam, probably of the family Pholdidae, occurred inshore where it
was able to penetrate the soft rock. The sea hare, Aplysia californica,
was commonly found feeding on filamentous red algae.

The ochre star is a typically intertidal sea star which was common
at the base of the wash rock. A dense patch of the urchins, Strongy-
locentrotus franciscanus and S. purpuratus, was seen on a sloping
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rock shelf to the north of the wash rock. Apparently the urchins are
able to burrow into the soft rock sufficiently to avoid predation by sea
otters.

There was a remarkable growth of tunicates at this site. Synocium
parfustis dominated rock faces on the south side of the wash rock,.its
globular colonies crowding out cther forms. On sand covered rocks and
among the roots of the surfgrass the tunicate, Pycnoclaveila stanleye,
grew in large colonies. Other common tunicates included Ritterella sp.
and Polyclinum planum. |

Many fish were associated with the wash rock, including species of
rockfish, kelp greenlings, and two monkeyfaced eels in a crevice.

Carmei-Mission Point Transect: The transect line extended from the
‘southern side of Mission (Carmel) Point, a rocky peninsula about midway
between the north and the south end of the ASBS. The resistant Santa
Lucia granodiorite seen onshore extended into the subtidal area where

huge granite blocks dominated.

Although several detached giant kelp were observed floating in mid-
water, the kelp canopy was dense and noticeably shaded the bottom. The
bed was also areally extensive, beginning in shallow water and extending
beyond the end of the transect at the 68 foot water depth (Figures 4 and
5).

Algal cover dominated inshore. The brown algae, Laminaria dentigera,
- was extremely dense (up to 15 plants per square meter) to a depth of about
25 feet (8 m). The red algae, Gigartina corymbifera, formed another
equally dense layer beneath the L. dentigera (Figure 6). Brown algae,
Dictyoneurum californicum, grew densely on some flat rock tops inshore.
Gigartina spp. and articulated corallines were common up to a depth of
about 40 feet (12 m). Other species of red and brown algae which occurred
regulariy at these depths included Botryoglossum farlowianum, Callophyllis
Spp., Rhodymenia spp. and Cystoseira osmundacea.
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~ Key To Symbols Used In Subtidal Figures

ALGAE

Phaecophyta (Browns)

Cystoseria osmundacea ,;‘

Dictyoneuropsis reticulata f

Laminaria dentigera /-

Leminaria stipes [(
Rhodophyta (Reds)

Bot;yn_)cladig pseudodictoma ¢
Botryogl ossum-farlowianum P4
Callophyllis sppe \8’
Gigartina sp. ©

Prionitis sp. ¥

Flocamium cartilagineum 4¥
. Rhodymenia sp. %

Articulated corallines ¥

Drift ===~

Encrusting corallines o

Encrusting corallines with Dodecaceria &
Holdfast 4

Filamentous reds vvvvv

Red crust &
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Porifera (Sponges) ama

Coelenterata
Corals mmm
g_c_ggius érit.hacus Astrangia lajollaensis
Tethya aurantia Balanophyllia elegans
Hymenamphiastra cyanocrypta Paracyathus stearnsi
Polymastia pachymastia
Unidentified species C Anemones e
Clions celata : Tealia lofotensis
Ectoprocta (Bryozoa) -#~ =) Teglia coriacea
Tealia sp.
Hippodiplosia insculpta , Anthopleura elegantissima
Costazia robertsonse Corynactis californica
Hippothoa hyalina ‘ Pachycerianthus sp.
Phidilopora pacifica
: Hydroids )ﬂ!‘

Lagenipora sp.
Gryptosula

' Sertularella sSpp.
Unidentified species

Abietinaria sppe

Plumlaria sppe

Burystomela bilabiata
Aglaophenia sppe

Annelida %I¥

Dodecaceria fewkesi

D. fewkesi (large form)
Selmacina tribrenchista
Sabellsria sp.

Diopatra ornata
Budistylia ornats

Spirorbis Spe

Phragmatopoma californica
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Fish

Scorpaenidae (Rockfish)
Sebastes mystinus (blue rockfish) €3
S. mystinus juvenile =<
S. paucispinus juvenile (bocaceio) <4

Embiotocidae {Perch)

Rhacochilus vacca (pile surf perch) <

Embiotoca lateralis (striped surf perch) &%

E. jacksoni (black surf perch) <=
Hypsurus caryi {rainbow surf perch) <3

Other

Qj.(thai‘ichthys stigmacus (speckled sand dab) <

Hexagrammos decsgrammus (kelp greenling) &&=
Mola mola (sun fish) |

Oxyjulis californica (sefiorita) <

Scorpaenichthys marmoratus (cabezon)} €=
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Deeper than 40 feet (12 m), only encrusting algae were common.
Crustose corallines were estimated to constitute at least 50 percent of
the cover, and crustose red algae were seen on many low rocks. Occasional

Rhodymenia spp. and Plocamium cartilagineum occurred at these depths.
Below 60 feet (18 m), near the outside edge of the kelp bed, Desmarestia
ligulata var. firma and a red alga, Weeksia reticulata, were abundant
(Figure 7).

Invertebrate cover showed a distinct pattern of distribution. In
shallow water, animal cover was sparse, with algal cover dominant. Below
about 25 feet (7.6 m), algal cover diminished as animal cover increased.
However, no concomitant increase in animal cover occurred beyond 40 foot
(8 m) depths, giving the deeper portion of the kelp bed a barren appear-
ance.

Among the animals common at Mission Point were numerous species of
hydroids growing on both rock and algae. Aglaophenia spp. and Sertularella
spp. were particularly common. The anemones, Corynactis californica,
Tealia lofotensis and Tealia sp., were common. The purple hydrocoral,
Allopora californica, was a conspicuous member of the fauna on deeper

rock faces (Figure 8).

The polychaete, Dodecaceria fewkesi, was evident, with crusts covered
by coralline algae. The feather duster worm, Eudistylia polymorpha, was
unusually abundant, fiiling all the available space in many crevices.

In some of the deeper areas, mounds of the tube worm, Diopatra ornata,
filled in the gaps between rounded rocks, giving the bottom a continuous,

undulating appearance.

Erect calcareous bryozoans became more abundant as the algal cover
diminished with depth. Hippothoa hyalina was conspicuous on vertical
rock faces shallower than about 40 feet (12 m). On some rocks H. hyalina
and Diaporoecia californica grew in large heads and were the domipant
species. Below 40 feet (12 m), the bottom was relatively barren, with

small barnacies, Balanus, spp. covering large areas.
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Didemnum carnulentum was the most conspicuous tunicate and grew in
sizeable colonies below 40 foot (12 m) depths. Diplosoma macdonaldi was
another abundant tunicate, its gelatinous tunic spreading over rock sur-

faces.

A large school of adult blue rockfish, Sebastes mystinus, was observed
at Mission Point along the deeper half of the transect. Other species
common during the survey included kelp rockfish, S. atrovirens, and pile
surfperch, Damalichthys vacca.

Pescadero Pinnacles Survey: Pescadero Pinnacles are part of an off-
shore rock outcrop, about an acre in extent, which rises up within 50 or
60 feet (15 or 18 m) of the surface.

The area is characterized by dramatic topography, unusually clear
water and massive growths of sessile invertebrates including many rare
and deep water forms. ’

The Pinnacles are about a half mile west of Pescadero Point (seen
in Figure 1). Silt free granite slabs up to 30 feet (9 m) high provide
enormous vertical faces for attachment of a myriad of sessile forms.
One pinnacle has been charted which reaches to within 10 feet (3 m) of
the surface. At its outside edge the outcrop drops rapidly to a sand
- and gravel bottom at 110 to 120 foot (33.5 to 36.6 m) depths.

The Pinnacles can be located by the giant kelp, Macrocystis pyrifera,
canopy which occurs there; some kelp plants anchor at depths as great as
90 feet (27 m). Understory algae were not abundant and palm kelp occurred
cnly sparsely. Encrusting corallines were the most abundant plants. Of
particular interest was the occurrence of the southern palm kelp, Eisenia
arborea. One specimen of the rare deep water red alga, Maripelta rotata,
was also collected here.

Tetilla arb, Tetilla sp., Tethya aurantia, Toxadocia sp., and Stelletta
clarella were among the sponges observed. Many species were present that
could not be identified. The hydroid, Abiertinaria spp., grew in par-
ticularly dense thickets on some rock surfaces.
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Paracyathus stearnsi was the dominant coral at the depths of the

pinnacles, replacing the orange solitary cup-coral, Balanophyllia elegans,

which was dominant in shallower water. An unidentified species of colonial
madreporarian coral was seen here, consisting of perhaps 6 polyps in a

low round mound. Of all the survey sites, Pescadero Pinnalces contained
the largest population of the purple hydrocoral, Allopora californica.

The crust forming polychaete, Dodecaceria fewkesi, was ubiquitous
on sloping rock faces. (Calliostoma annulatum and C. ligatum were among
the most common gastropods; the less common species, C. gloriosum, was
observed feeding on sponges. :

The bryozoans generally grew in large single species heads, unlike
other sites where mixed thickets were more common. Phidolopora pacifica,

Hippothoa hya]inagand Diapercecia californica, were common. Very young
colonies of Hippothoa hyalina formed an erect branch from an encrusting
base on the rock. Colonies of Diapercecia californica were frequently
covered with a membraneous orange sponge. This same association was noted
at other sites in Carmel Bay.

Mediaster aequalis, Patiria minjata, Pisaster giganteus, pink to
purple Pycnopodia helianthoides and Dermasterias imbricata were the common

species of sea stars. The urchin, Strongylocentrotus franciscanus, was

seen in crevices.

Cf the tunicates, Didemnum carnulentum and Diplosoma macdonaldi
were the most common. [D. carnulentum dominated on shallower tops of rock
masses and on sloping surfaces. These large, 3 feet-diameter, orange
colonies could be seen from 40 feet (12 m) above the bottom. 0. macdonaldi
also occurred in smaller patches in deeper water.

The subtidal flora and fauna in Carmel! Bay are perhaps some of the
richest in the entire state of California, partially because many northern
and southern species have ranges that overlap in the area. This feature,
in conjunction with the unique geology and the presence of the Carmel
submarine canyon, make Carmel Bay an ideal underwater area for diving
and a unique environment for study.
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The remarkable bioiogical and geological diversity of the subtidal
area warrants an individual discussion of each Survey site. The following
discussion includes areas covered in the 1iterature but not surveyed for
this report.

Pescadero Pinnacies are outside the actual boundaries of the ASBS,
a half mile to the east (offshore) of Pescadero Point. The Pinnacles
are noteworthy for the relatively profuse growth of the purple coral,
Allopora californica, the massive growths of sponges (many species yet
undescribed), and the unusual occurrence of several typically southern
species. Acéording to the investigators, the very clear water, dramatic
topography and diverse biota make Pescadero Pinnacles a beautiful site
of truly special biological significance.

Pescadero Point, the northernmost boundary of the ASBS, was described
by Andrews (1945) as similar in appearance to exposed Point Pinos in
Pacific Grove, in that it has practically a smooth rock bottom and a pure
stand of the bull kelp, Nereocystis leutkeana. However, giant kelp,

' Macrocystis pyrifera, was the dominant canopy with bnly the occasional
Nereocystis present. A decline of bull kelp has been observed by others
throughout the central California coast and is frequently attributed to
the reappearance of the sea otter. Miller and Giebel {1973) present some
evidence that the decline is widespread and has occurred in areas not
reoccupied by otters. Though other predation on herbivores may have given
an advantage to the perennial Macrocystis over the annuaI'Nereocxstis

. this remains to be demonstrated experimentally.

Stillwater Cove is noted for the unusual algal species which are
found in sheltered areas as described by California Department of Fish
and Game {in ESI, 1977) and in Smith (1969). Due to warmer water within
the cove, several uncommon species occur intertidally, and the shallow
subtidal area contains the southern feather boa kelp, Egregia laevigata,
and its epiphyte, Halorhipis winstonii.

Water beyond the restricted portions of the cove (outside Pescadero
Rocks) does not appear to be similarly warmed; temperatures of 48-52°F
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(9-11°C) were observed consistantly here in spring 1976. Algal species
composition is therefore different. For instance, the densest population
of palm kelp observed during the survey was in this area. A northern
zoanthid anemone, Epizoanthus scotinus, formerly noted only as far south
as Point Arena, was recorded in Stillwater Cove (California Department

of Fish and Game in ESI, 1977). |

Carmel Beach and the nearly emergent wash rock demonstrate how sub-
strate type affects certain groups of animals. Beds of urchins and burrow-
ing pholad clams were found only in the softer rock. Hydrocoral, Allopora
spp., and many other species which prefer clean vertical rock faces were
absent.

The Carmel Mission Point transect consisted entirely of high relief
granite and differed from other survey sites in several respects. The
deeper portions of the kelp bed contained the largest population of
hydrocoral, Allopora californica, observed during the survey at Mission
Point. The barrenness of the bottom below 40 feet (12 m) was unusual.

Oceanographic Services, Inc. (1975), observed that rocky outcrops in
the vicinity of the outfall support a mixed stand of kelp and other algae.
0SI reported the existence of a rather sparse understory, consisting of
palm kelp and Laminaria dentigera. Bottom cover consists primarily of
crustose and articulated corallines, Bossiella sp., Calliarthron sp.,
and Lithothamnion, with Rhodymenia pacifica and Plocamium cartilagineum
also abundant.

0SI described filter feeders as the dominant marine fauna. Their
monitoring work showed that, on a weight basis, bryozoans were the most
common invertebrate group at each study site; Hippodiplosia insculpta
and Hippothoa hyalina were the most common species found on both rocks
and algae. Spheciospongia confoederata and Polymastia pachymastia were
the most conspicucus sponges, Synoicum parfustis and Diplosoma macdonaldi
the most abundant compound tunicates, and Styela montereyensis and Pyura
haustor the most prevelent solitary tunicates.
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South of the mouth of Carmel River in the southern portion of the
ASBS is Monastery Beach, noteworthy for the submarine canyon which comes
within a quarter mile of the intertidal area. At the northern end of
Monastery Beach, the 1ip of the canyon occurs at approximately 60 foot
(18 m) depths. While the area was not surveyed for this report, previcus
investigations found the granite walls of the canyon are inhabited by
many unusual forms characteristic of deep water. Peckman and McLean (1961)
note the gorgonians Psammogorgia arbuscula, two corals, four starfish
and many molluscs including Hemitoma bella, Haliotis kamtschatkana and
Acmaea funiculata which usually appear at depths of at least 70 to 100
feet (21 to 30 m). On the vertical walls of the canyon, thick masses of
sponges and bryozoans were observed to be prominent, attached to tubes

of the polychaete Phyllochaetopterus prolifica.

Numerous other biological surveys have been associated with monitoring
activities at the Carmel Sanitary District's wastewater outfall. These
efforts are summarized in Appendix 4.

Intertidal Biota

Pescadero Point is a steeply-sloped, highly weathered granite outcrop,
containing deep pools and large boulders on its seaward side. The point
is almost completely devoid of 1ife down to the intertidal area.

~ Desiccated a]gée, Ulva sp., marked the upper extent of the intertidal
zone. The high intertidal zone contains several characteristic algal
species: Gigartina papillata, Pelvetiopsis limitata, Endocladia muricata,

corallines, and occasional patches of Chaetomorpha linum. Periwinkles,
Littorina sp., were found in abundance, along with the limpets Notoacmaea
scutum and Diodora aspera and occasionally the keyhole limpet, Megathura
crenulata. Small barnat]es, Balanus sp., existed on the tops and sides

of rocks, while numerous rock crabs, Pachygrapsus crassipes, hid in crev-

ices -and under rocks.

Animals characteristic of exposed open coast occurred in the high
intertidal zone on the north side of the point, principally the sea mussel,
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The bat star, Patiria miniata, was the most abundant echinodernm,
followed by the small sea star, Leptasterias hexactis. The ochre star,
Pisaster ochraceus, occurred occasionally along the cliffs and at the
base of large rocks. The purple sea urchin,'Strongy]ocentrotus purpuratus,
was seen tucked into small cracks in the rock.

- The lowest intertidal zone occurred in deep pools and surge channels.
Without wet suit or snorkel, it was only possible to note some floral
changes: the giant kelp became more abundant, and the sea palm, Postelsia

palmaeformis, and surfgrass, Phyllospadix sp., were common.

A few additional species of invertebrates were found around the edges
of deep tide pools, such as the solitary anemone, Anthopleura xanthogrammica,
and the brooding anemone, Epiactis prolifera. Sponges and tunicates
already mentioned were abundant, and with Bugula californica and various
other encrusting bryozoans covered the undersides of rocks and ledges.

The horned slipper shell, Crepidula sp., was observed frequently on the
brown turban snail. Three additional species of nudibranchs were noted:
Laila cockerelli, Diaulula sandiegensis and Anisodoris montereyensis.

The shoreline continues southeast of Pescadero Point as a steep gran-
ite cliff which prohibits passage on foot. Adjoining property, which
includes the Pebble Beach golif links, is privately owned, and thus there
is no public access to the intertidal area. The intertidal area adjacent .
to the north end of the golf course appears to consist of rocky ledges;
in some areas seawall and rip rap have been used to mitigate erosion.

At the south end of Pebble Beach, is a conglomerate rock outcrop which
forms a small point. .A fine-grained granitic sand beach extends south
from here .2 miles (.3 km) to Arrowhead Point, a high c1iff consisting
of conglomerate with lava intrusions. An area of medium-sized boulders
occurs on the north side of Arrowhead Point, in Stillwater Cove.

Two intertidal surveys were conducted in this area, one at the point

in front of the Beach and Tennis Club (on a moderate low tide) and one
at the base of Arrowhead Point (on a good low tide).
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The intertidal habitat on and adjacent to the point in front of the
Beach and Tennis Club consists of flat sandstone shelves, with deep eroded
pockets. The sandstone shelves are separated by sand channels containing
large rocks.

The ledge tops contained typical (Ricketts and Calvin, 1968) flora
and fauna. The algae, Ulva sp., Endocladia muricata, and Pelvetia
fastigiata, were common, and occasional clumps of Fucus distichus, Gelidium
sp. and Scytosiphon sp. were seen here. Corallines occurred in small
pools. Limpets were common, with Collisella scabra, and C. digitalis
and C. pelta the most frequently seen species. The black turban, Tegula
funebralis, Acanthina sp. and Littorina sp. occurred in and around small
pools as well as on ledge tops. The most abundant chiton was Nutallina
californica, found among groups of small Balanus sp. Large aggregations
of the sand tube building worm, Phragmatopoma californica, and anemones
were abundant on the upper sides of rocks.

In the upper mid-intertidal zone, more algae, Ulva spp., Necagardhiella
baileyi, Gastroclonium coulteri and Laurencia spectablis, grew on the
sides of ledges. Additional species of chitons, Mopalia hindsii and M.
muscosa, occurred in grooves in the rocks. Crevices contained crabs,

Pachygrapsus crassipes, and purple sea urchin, Strongylocentrotus

purpuratus.

. In pools at the base of ledges, Neoagardhiella baileyi, Egregia
menziesii, Macrocystis pyrifera, Gigartina spp. and corallines were common.
Surfgrass with its specific epiphyte Smithora najadum was abundant.

The tube worm, Phragmatopoma californica, and the black turban snail,
Tegula funebralis, were very common. The sea hare, Aplysia californica,
was found at the base of cliffs.

Mid and low intertidal habitat occurs in channels between Tedges
and seaward of the point. Algal species included those found at the base
of ledges, and in addition Cystoseira osmundacea and Grateloupia californica
were common. Prionitis lanceolata, Laminaria farlowii, and Pterygophora
sp. were frequently observed.
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Molluscs were common in these zones. Chitons included Mopalia lignosa,
Cryptochiton stelleri, and Placiphorella velata. Megatebennus bimaculatus
and Fissureila volcano were common limpet species. Common nudibranchs
were Rostanga pulchra, Hermissenda crassicernis, Phidiana pugnax,
Doriopsilla albopunctata, Archidoris montereyensis, Cadlina luteomarginata,
C. modesta, C. flavomaculata, Tritonia festiva and Diaulula sandiegensis.
The nudibranch, Phidiana pugnax, was unusually abundant; more than twenty

individuals were noted during one low tide.

Crabs included Pachygrapsus crassipes, Hapalogaster cavicauda, Pagurus
granosimanus, Petrolisthes cinctipes, Pugettia producta, and a species
of Lophopanopeus. The colorful shrimp, Spirontocaris prionota, was found

under rocks.

Enchinoderms, cnidarians, tunicates and sponges also occurred in
the mid and lower intertidal zones. Epiactus prolifera and Tealia
lofotensis were the most frequently encountered species of anemone; the
stony coral occurred in patches. Sea stars were fairly scarce, with the
exception of the young thin star, Henricia leviuscula, the bat star and
the ochre star, which were seen occasionally. Encrusting and stalked
tunicates were found on rock sides and under ledges; species included
Metandrocarpa taylori, Archidistoma diaphanes, A. psammion, A. ritteri,
Diplosoma macdonaldi, Euherdmania claviformis, and Clavelina huntsmani.
Small batches of the red sponge, Axocielita hartmani, were seen under
rock ledges. '

At the survey site just north of Arrowhead Poiht, the intertidal
zone consisted of large cobbles covering a finely sorted sand beach.

Flora and fauna were scarce in the high intertidal zone. Algae con-
sisted of Pelvetiopsis limitata, Endocladia muricata and Fucus distichus.
The black turban snail was common, as was the aggregating anemone which
was found in cracks. Lissothuria nutriens, a small red sea cucumber,

was freguently noted.
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baileyi, Prionitis lanceolata, Cryptopleura lobulifera, Laurencia blinksii

and Gigartina exasperata, all of which were abundant and grew on other

algae as well as rock surfaces. Deeper pools in these zones contained
corallines, Costaria costata, Dictyoneurum californicum and occasionally

stipes of giant kelp. The sea palm occurred on the seaward edge of the
intertidal.

Cniderians were common in the low intertidal zone. Strawberry anemone
was abundant, and the large solitary anemone occurred frequently in larger
pools. The brooding anemone was seen occasionally. Hydroids, Tubularia
sp. and Plumularia spp., were abundant under ledges.

The sea stars Patiria minfata and Leptasterias hexactis were abundant
here. The ochre star was found on exposed rock surfaces, whereas the
leather star and the sunflower star, Pycnopodia helianthoides, cccurred
under rocks and algae in smail pools. The purple urchin was seen occa-

sionally in crevices.

The kelp crab, Pugettia producta, was common on boa kelp stipes.
Small pools harbored Pagurus granosimanus and small Loxorhynchus crispatus,
the decorator crab. Crabs common under rocks in pools were juvenile Cancer
sp., the furry Hapalogaster cavicauda and the procelain crab, Petrolisthes

cinctipes.

Sﬁonges and tunicates were ubiquitous and abundant in the Jow inter-
tidal zone. The small vase-shaped sponge, Leucilla nuttingi, occurred
here, in addition to species previously named. Common tunicates included
the Tight bulb tunicate, Clavelina huntsmani, and encrusting Aplidium
solidum, Archidistoma ritteri and A. psammoin. Encrusting bryozoans,
Scruocellaria sp., and various tube worms were also common here.

South of Mission Point, Carmel River Beach extends 1.3 miles to a
small rocky point which marks the north end of San Jose Creek beach.
Generally, the mouth of the Carmel River is located about midway along
this stretch of beach; the river discharges seasonally to the bay at this
point. However, 1877-78 winter storms caused high flows which cut away
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at the northern river banks, moving the river mouth to the south end of
Carmel Point. Winter storms also caused the coarse-grained beach to be
quite steep.

The Carme] Sanitary District outfall line is located south of the
river, in a field of large boulders. This intertidal zone was surveyed
under the direction of Dr. Isabella Abbott in 1973 (See Appendix 1 and 2).

A survey on a moderately low tide (-0.7 feet) was conducted at the
rocky promontory which separates Carmel River Beach from San Jose Creek
Beach; Zone 4 could not be surveyed on this occasion. Intertidal habitat
consisted of high cliff sides and large boulders with interspersed coarse-
grained sand. '

The high intertidal zone contained typical biota found at other survey
sites. Algal cover on rock tops consisted of Pelvetia fastigiata, Ulva
spp. and Endocladia muricata. Limpets occurred occasionally and peri-
winkles were abundant in the splash zone. High on the cliffs were mussels

and goose barnacles.

Sand between rocks was covered with Gracilaria sjoestedtii, an alga
common in sandy areas. Several algal species covered the sides of rocks:
Chaetomorpha sp., Pelvetiopsis limitata, Fucus distichus, boa kelp, sea
lettuce and Gigartina spp. Corallines were common; turban shails were .
abundant. Both solitary and aggregating anemones were present.

In the mid to low intertidal zone, algal species occurring in abun-
dance were: feather boa kelp, Cystoseira osmundacea, Cryptopleura violacea,
Rhodoglossum affine, Grateloupia doryphora, Ulva spp. and coraliines.
Microcladia californica and M. coulteri occurred as epiphytes on other

algae. Gigartina spp., Iridaea spp. and patches of Spongomorpha sp. were
present. Surfgrass was common in large sandy areas.

In the boulder field on the south side of the cliff, invertebrates
were not particularly abundant. The anemones Anthopleura xanthogrammica
and Epiactus prolifera occurred here, as did the hydroid Bugula sp.
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The most frequently seen sea stars were the bat star and ochre star. A
solitary stalked ascidian was seen occasionally, as was the white and
black nudibranch, Diaulula sandieggnsis.

Invertebrates were more abundant close to the cliff. The chitons
Nuttalina thomasi and Tonicella lineata were common. Additional nudibranch

species here were Hermissenda crassicornis, Triopha carpenteri, T. maculata
and Cadlina modesta. The strawberry anemone was the most abundant anemone;
however, a few Epiactus prolifera and solitary anemone were present.

Rocky shore crabs were abundant in rock crevices; Pagurus samuelis in
small pools. Common sea stars were the ochre and giant stars and
Dermasterias imbricata. The sponges Lissodendoryx topsenti and L. firma
were seen frequently. Clavelina huntsmani, Archidistoma ritteri and
Aplidium californicum were common tunicates.

The lowest intertidal zone {Zone 4) appeared to contain the same
algal species found in Zone 3, as well as Laminaria farlowii, giant kelp

and palm kelp.

Granite cliffs form the southern boundary of San Jose Beach. South
of the cliffs is a rocky cove which extends to Granite Point, the southern
boundary of the ASBS. The cove was the Tast remaining intertidal site

surveyed.

The geology of the cove is completely different from that of the
other survéy sites. The low cliff face behind the cove is a large outcrop
of Carmelo conglomerate. The north end of the cove is a granite outcrop,
and the discontinuity between the granite and conglomerate is easily
Tocated. The cove itself contains a coarse-grained, steep beach with
large cobbles on either side. The intertidal zone begins fairly low, on
medium-sized rocks half-buried in sand. Consequently, only splash zone
organisms are seen on the cliff faces enclosing the cove.

Splash zone biota was typical and similar to that at other locations.
Fucus distichus, Pelvetiopsis limitata and Endocladia muricata were the
algal species here. Invertebrates included mussels, goose barnacles and
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other barnacies. Periwinkles, Littorina sp. and Colliselia digitalis

were common; rocky shore crab was frequently seen in cracks.

Rocks along the beach and at the edges of the cove were covered with
algae. Codium fragile was abundant and more common here than at the other
survey sites. Common algal species were feather boa kelp, Gastroclonium

coulteri, Ulva spp. and Iridaea spp. In the lower zones, Prionitis
lanceolata and corallines were particularly common; Laminaria farlowii,

Dictyoneurum californicum, Neoagardhiella baileyi, Cystoseira osmundacea,

and various Gigartina and Microcladia species were seen frequently.

Botryoglossum farlowianum (or Hymenena sp.) was alsoc seen frequently.

Both brown and black turban snails were common. Other mollusks,
Calliostoma costatum, Diodora aspera, and Ocenebra sp., were frequently
seen. Several species of nudibranchs were common here: Cadlina
luteomarginata, C. modesta, C. flavomaculata, Diaulula sandiegensis,
Rostanga puichra, Hopkinsia rosacea, Tritonia festiva and Triopha

maculata.

The same cnidarian species were found as at other survey sites.
However, Epiactis prolifera was more abundant here than elsewhere. Soli-

tary and strawberry anemone and Tealia lofotensis were common; the soli-
tary stony coral was found under ltedges.

Other invertebrate groups were well represented at this site. The
burp1e urchin, bat starfish and ochre sea star were common in deep pools
and on c]iff sides. Gne Pycnopodia helianthoides was noted. The acoel
. flatworm Polychoerus carmelensis was common as were masses of the colonial

tube worm Phyllochaetopterus prolifera. Clumps of the stalked tunicate

Ritterella aequalisiphonis were frequently seen, along with the ubiquitous
red sponge.
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Land Vegetation

Land vegetation adjacent to the ASBS is a mixture of native and intro-
duced species, and reflects both present and past uses of the shoreline.

‘The Monterey cypress, Cupressus macrocarpa, able to withstand exposed

conditions, is conspicucus at Pescaderc Point. A stand of mature, open
trees lines the private undeveloped property just southeast of the point.
The point itself contains a dense, low-laying grove of cypress, and some
newly planted trees. The aforementioned private land is covered by a
broad expanse of Hottentot fig, Carpobrotus edulis, adjacent to the shore-

line, and grasses and sage closer to the road.

The bayfront residential property south of the point appears to be
somewhat forested; Monterey pine, Pinus radiata, is prominent from a dis-
tance.

Pebble Beach Golf Course contains grasses appropriate for fairways
and greens; however, much of the native coastal scrub plant community
has been left intact on the c1iff faces of Arrowhead Point and south to
Carmel City Beach. To a lesser extent, native vegetation (including pines
and cypress), has been incorporated into the course's landscaping.

The sand dunes which form the north end of Carmel City Beach contain
the most extensive vegetation adjacent to the beach. Native vegetation
here includes bush lupine, salt grass, beach sagewart and bracken fern
with some introduced small pine and cypress. The bluffs adjacent to the
intertidal zone contain numerous dense thickets of acacia and eucalyptus.

The north end of Carmel River State Beach contains a somewhat aitered
coastal strand plant community, with sand verbena and beach pea covering
the Tow-Tying sand dunes. According to Dr. James Barry, State Park Plant
Ecologist, "The strand community at Carmel River State Beach is dominated
by beach bur, New Zealand spinach, Tetragonia tetragonicdes, yellow sand
verbena, Abronia latifolia, bush lupine, beach poppy, Eschscholzia
californica var. maritima, seaside salt bush, Atriplex californica, seaside
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LAND AND WATER USE DESCRIPTION

Marine Resource Harvesting

| Commercial Fishing: The establishment of Carmel Bay Ecological
Reserve in August, 1977, effectively eliminated commercial fishing within
the ASBS, whose boundaries are the same as those of the Reserve (excluding
the Pinpacles).

Prior to designation of the ASBS as a reserve, the bay supported a
number of small, brimari1y winter fisheries, with a total value of about
$40,000 per year to the fishermen. Spot prawns were fished in the Carmel
canyon, using wicker basket traps set at 40-200 fathom depths. The largest
commercial fishery in the bay was for rockfish; these were taken by various
methods of longlining, as well as hook-and-line. Sablefish, flatfish,
and surfperch were also fished commercially within the ASBS.

Kelp Harvesting: Kelp has been harvested commercially in Carmel
Bay since 1967. For the period 1971-76, the harvest varied between 175
and 1,760 wet tons annually with the maximum tonnage harvested in 1976.
- Small amounts of kelp (less than 1 ton/year) are also removed from Stili-
water Cove on a regular basis to facilitate boat mooring.

The kelp beds within Carmel Bay are collectively referred to as “Bed
219" in the California Administrative Code and by the industry. Any por-
- tion of this "bed" may be harvested with the exception of that portion-
laying within Point Lobos State Reserve. However, most cutting occurs
offshore from Carmel City Beach, between Arrowhead Point and Carmel Point
and at minimum depths of 50 ft. (15 m).

The Department of Fish and Game is responsible for regulating use

of the resource. Title 14, Section 165 of the Fish and Game Code places
restrictions on commercial kelp harvesting as follows:
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(1) No kelp shall be harvested at a depth of more than 4 feet
(1.2 m) below the surface at time of cutting. (Frequently, kelp is cut
at lTow tide to obtain the greatest quantity of kelp within this 4 ft.
distance).

(2) No more than 5 percent of the total quantity harvested shall
consist of bull kelp, Nereocystis.

Title 14 does not place additional limitations on the total quantity
of the giant kelp, Macrocystis, which may be cut or the frequency of cut-
ting. However, the Carmel Bay bed had never been cut more frequently
than four times a year. Cutting is usually done in the summer when growth
rate and canopy development of the bed are at a maximum. With the establish-
ment of Carmel Bay Ecological Reserve in 1977, removal of more than 50
percent of Bed 219 in any four month period was prohibited.

Party Boats: Engineering-Science (1977) summarized the partyboat
activity in Carmel Bay as follows:

0f the twelve partyboats operating out of the Monterey
port, it is estimated that one or more boats per day

pass inside or stay within Carmel Bay to fish ... During
the summer, fishing by as many as three to five partyboats
is conducted close in to the kelp beds and beach areas
whereas winter fishing occurs predominantly toward the
middle of the Bay ... The most common fish taken by party-
boats within Carmel Bay are rockfish and 1lingcod.

Skiffs and Shore Fishing: Little, if any, sportfishing occurs within
the ASBS, due largely to the lack of skiff access. The closest boat ramp
and marina for boat storage are at Monterey, more than 10 miles from the
ASBS by boat.

Shore fishing is nearly Tacking, as well, within the ASBS. A small
amount of shore fishing occurs within Carmel River State Beach. According
to a state park ranger, fishermen infrequently use the rocky headlands
at the north and south ends of Monastery Beach for shore fishing.
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Between 1968-69, the Department of Fish and Game surveyed shore fish-
ermen in Carmel Bay (Miller, unpublished data). Scattered fishermen were
encountered from Carmel City Beach south to Pt. Lobos. Perch fishermen
were the most successful, with striped and calice surfperch the species
most commonly caught. Shore fishermen in rocky areas caught limited num-
~ bers of kelp greenling, rock greenling, grass rockfish, b]ack-and-yeTTow
rockfish, and cabezon.

- Spearfishing: A major portion of the sport-caught fish in the ASBS
are taken by skin divers using spear guns. According to a 1972 Fish and
Game survey, divers spent slightly over 4,000 hours spearfishing within
the ASBS that year, and their total catch was 1,936 fish. It was estimated
that the sportfish take by divers in Carmel Bay ammounted to 88 percent
of the total for all of California north of Pt. Arguello.

As indicated in Table 4, rockfish were the major group of fish taken
by Carmel Bay divers in 1972; their combined numbers account for 52. 3%
of the total diver-catch in the ASBS. Rockfish constituted a greater
percentage of the catch at Monastery Beach (57%) than at Carmel Beaches
(45%). The rockfish species composition at the two areas also differs
somewhat. At Carmel Beaches, the catch consists of a mix of shallow water
species, with ke1p and olive rockfish most commonly caught. At Monastery
Beach, kelp and blue rockfish predominate in the catch, which also includes
some deeper water species - such as bocaccio - not available at all to
divers elsewhere in the ASBS.

Greenlings are the second major fish group taken by divers in Carmel
Bay, accounting for 26.1% of the total catch. Comparatively speaking,
the bay is a particularly good area for diver take of these species; 22.2%
of the total Northern California catch of greenling was from Carmel Bay
in the 1972 Fish and Game survey. Lingcod is the most commonly caught
species in this group and was the species of fish most frequently taken
by divers at Monastery Beach.

Surfperch is the other major group of fish taken by divers in the
ASBS (9.9% of total catch); most of these are striped perch. As a grdup,
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TABLE 4

SPECIES COMPOSITION AND NUMBERS OF
SPORTFISH TAKEN BY SKIN DIVERS IN ASBS, 1972

%Z Northern
) Monastery Carmel Total California Total
Species Beach Beaches ASBS Taken in ASBS
Rockfish (Total) 663 349 1,012 : 13.5
Black , 47 40 87 - 6.2
‘Black—andfyellow 57 59 116 ~28.5
Blue 135 53 “ 188 8.9
Bocaccio 10 0 10 } 55.6
Brown 11 0 11 - 13.3
Copper 12 7 0 12 5.5
Gopher 38 23 61 23.5
Grass : 76 14 30 9.3
Kelp 139 74 213 22.6
Olive 58 86 144 27.2
Unidentified 80 0 80 19.6
Greenlings 311 195 506 22.2
Greénling, kelp - 33 65 ' 98 ©29.3
" s painted 99 0 99 100.0
Lingcod 179 ' 130 309 17.1
Surfperch - 107 84 191 5.1
Pile 26 0 26 3.3
Striped 81 84 165 10.3
Miscellaneous 85 142 227 6.8
Cabezon 73 142 215 10.0
Clingfish 11 0 11 100.0
.Kelp poacher 1 0 1 100.0
Total Fish 1,166 770 1,938 8.8
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the take of surfperch is relatively small compared with other areas in
Northern California.

Cabezon also ranks prominently among the sportfish commonly taken
by divers in the ASBS. The take of cabezon was twice as great at Carmel

Beaches as at Monastery Beach, even though the effort expended is consid-

erably less.

Although the total sport take by spear fishermen is considerable in
the ASBS, it is nmot indicative of diver preference or lucrative fishing
grounds. The 1972 survey found that only 25% of the divers at Carmel
Beaches were engaged in spearfishing, and only 15% at Monastery Beach.
The average catch per hour was 0.:45 at Monastery Beach and 0.51 at Carmel
Beaches, which compares poorly with nearby Pacific Grove (.85 fish/hour)
or other Northern California counties (up to 1.9 fish/hour).

The status of the ASBS as an ecological reserve precludes the sport
take of invertebrates, such as abalone.

Municipal and Industrial Activities

Del Monte forest: The northernmost portion of the ASBS is bordered
by land owned by Del Monte Properties, Inc. Known as Del Monte Forest,
this enormous tract of private land occupies 60 percent of the Monterey
Peninsula (about 5,260 acres or 2,125 ha) and has 4 miles (6 km) of ocean
frontage. About 3 miles (4.8 km) of coastline adjacent to the ASBS is
occupied by Del Monte Forest, from Pescadero Point south to the city of
Carmel~by-the-Sea. '

Del Monte Forest has a variety of land uses. Thirty percént of the
area is occupied by residences. Thirty-nine percent of the forest is
undeveloped land. Much of this land is adjacent to Spanish Bay north of
the ASBS. Twenty-four percent of the forest is in open space, for the
most part in the form of golf courses, although some of it consists of
riding trails, a botanical reserve, and scenic easements. Seven percent
of the forest consists of private roads, including the Seventeen Mile
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Drive which borders the coast from Pescadero Point to the Pebble Beach
goif course. Del Monte Forest has a total about about 5,000 residents.
The Del Monte Forest lands adjacent to the ASBS are known as Pebble Beach.
Carmel-by-the-Sea: The town of Carmel-by-the-Sea (hereinafter refer-
red to as "Carmel") 1ies contiguous to the ASBS about midway between its
northern and southern boundaries (Figure 9). Carmel is bordered to the
north by Pescadero Canyon and to the South by Santa Lucia Street. The
town has about 1.1 miles (1.8 km) of coastline. With the exception of
some private property, the entire length is occupied by Carmel City Beach.

Carmel occupies 582 acres (233 ha), about one square mile. Its pop-
ulation in 1970 was 4,478.

Monterey County: South of the City of Carmel, land contiguous or
adjacent to the ASBS is owned by a number of individuals and agencies.
Residential subdivisions are not incorporated, and land use is regulated
by the county. Carmel Point is just south of Carmel and north of the
Carmel River; the subdivision occupies about 123 acres (49.2 ha) and in-
cludes 1.1 miles (1.8 km) of coastline. Mission Fields is a subdivision
just east of Carmel Point and north of the Carmel River. Carmel Meadows
is a 50-acre (20 ha) subdivision, located at the crest of a hill about
1/4-1/2 mile south of the Carmel River.

Residential development in Carmel Valley extends from Highway 1 east
about 15 miles (24 km) along both sides of the Carmel River. The total
population of the valley is about 9,000. Land uses here inciude retirment
and resort developments, golf courses, limited truck farming, and commer-
cial estabTishments. According to a recent study (Sedway/Cooke, 1977),
Carmel Valley will experience the greatest population growth of any area
in proximity to the Carmel Sanitary District's service area. The county
estimates the holding capacity of the valley at 10,663 dwelling units;
at the projected 1998 household size of 2.26 persons, the maximum future
poputation in the valiey will be about 22,000 persons.
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Industrial Activities: The only industries which exist adjacent to
or within one mile of the ASBS are restaurants, hotels/motels and commer-

cial businesses. A1l wastewater from these industries is discharged to
the sanitary sewer and treated at the Carmel plant.

Agribusiness and Silviculture

Lands adjacent to the Carmel River are ideally suited for agricultural
production and grazing. However, land values have made such land uses
less profitable as compared with residential development. Small acreages
of land have retained rural land uses usually enly because they are scenic
easements, publicly owned, or awaiting approval for development. Several
parcels in the vicinity of the ASBS warrant mention:

Odello Ranch West: West of Highway 1, and just south of the Carmel
sewage treatment plant, is a 153 acre (62 ha) parcel of land owned

by the State of California Department of Parks and Recreation. Prior
to public acquisition in 1974, the land was owned and farmed. Pres-
ently, the land continues to be cultivated for artichokes. Between
1947-70, this artichoke field and 1/3 of the eastern Odello field
were the disposal site for 20-30% of the Carmel plant's primary efflu-
ent and all of its sludge. The Department of Parks and Recreation

is not adverse to continued sewage effluent dispoal here, if it is

compatible with primary use of the land. However, at this time it
is not certain that the land will remain in agricultural production.

Odello Ranch East: The 134.2 acre (54 ha) parcel of the Odello Ranch
east of Highway 1, and just south of the river, remains in private
ownership. Ninety acres (36 ha) of the land is in agricultural pro-

duction.
Hudson Ranch: The portion of the Hudson Ranch west of Highway 1

has historically been used for grazing cattle. The land continued
to be grazed by cattle after it was acquired by the State in 1974.
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East of Highway 1, the Hudson Ranch remains in private, multiple
~ownership and extends several miles inland.

Government Designated Open Space

Coastal Zone: The Coastal Zone Commission will largely determine
the form and amount of land development adjacent to the ASBS in the near
future. As much of the land is presently open space and available for
deve]opment, this regulatory contrel is important to the protection of
the ASBS. The approximate jurisdictional boundary of the Coastal Commis-
sfon is shown in Figure 10.

Carmel Bay Ecclogical Reserve: The ASBS was designated an Ecological
Reserve on August 27, 1977 by the California Fish and Game Commission.
The Reserve extends from the mean high tide 1ine to offshore boundaries
cointidenta1 with those of the ASBS. The Reserve also includes the shallow
waters to 90 feet (15 fathoms) depth, surrounding the Pinnacles, which
are outside of the ASBS. Total area of the reserve is 1,642 acres (663
ha) (Figure 9).

Within the reserve, commercial fishing and the sport or commercial
harvesting of invertebrates is prohibited. Sportfishing by hook-and-line
or speargun is permitted. Commercial kelp harvesting is allowed, within
" regulations established by the Commission (California Administrative Code,
Title 14, Section 630(b) (26)), as discussed previously in this report.

Carmel City Beach: Between Pescadero Point and Carmel, coastal lands
are privately owned. However, most of the land is open space, as part
of the Pebble Beach Golf Course.

Adjacent to the city of Carmel, the bay is bordered by a strip of
open space known as Carmel City Beach. The beach occupies about 5,000
feet (1,823 m) of coastline and 21.57 acres (8.7 ha) of land. At the
northern boundary (4th Avenue), the beach has its maximum width of about
1,100 feet (400 m) and consists of sand dunes, with native and introduced
vegetation. The beach's public facilities, a large parking lot and rest-
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Pebble Beach golf links are the main attraction on the drive adjacent to
Carmel Bay. The Seventeen Mjle Drive is alsc used for recreational bicy-
cling.

Pebble Beach Golf Links: Pebble Beach Golf Links is an 18-hole pri-
vate golf course Tocated on 150 acres (60.7 ha) of land adjacent to the
northern portion of the ASBS. Much of the course's difficulty, as well
as its beauty, stems from its proximity to Carmel Bay. Eight of the fair-
ways are at water's edge with holes seven and eight forming Arrowhead
Point. The highly publicized relationship between the fairways and the
nearshore waters renders this an important recreational use of the ASBS

waters.

Stiliwater Cove: The principle recreational use of Stillwater Cove
is as a moorage for resident and visiting pleasure craft. During the
summer, the cove provides berths for 40 boats, most of them small sail-
boats.

Carmel City Beach: Carmel City Beach is a clean, white sand beach
ideally suited for a variety of recreational uses. These include: stroll-
ing, jogging, sunbathing, picnicking, and photography. The water is
generally too cold for swimming; the only individuals usually seen in
the water are surfers.

Carmel City Beach is of particular importance to local residents,
probably because it is within walking distance of residential areas and
has good public access.

The city beach receives the heaviest recreational use of any portion
of the coastline adjacent to the ASBS. Actual use figures do not exist,
but the city estimates average daily use to be 1,000 with maximum crowds
of up to about 15,000.

Carmel River State Beach: The State Department of Parks and Recrea-
tion estimates an average of 220,000 user-days a year for Carmel River
State Beach. Use of the beach is heaviest on weekends and holidays; in
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1977, an average of 1,337 people/day used the beach on weekends, and only
260 people/day used the beach during the week.

Recreational use of Carmel River Beach, the northernmost section of
the State park, centers around the lagoon which forms just east of the
river mouth. This area is frequently used for family outings and picnics.
Swimming is done in the lagoon, rather than the bay. North of the lagoon
is a large brackish water marsh which has been designated Carmel River
State Beach Bird Sanctuary; the marsh attracts bird watchers, photographers
and hikers. The Carmel River deposits a considerable amount of driftwood
near its mouth, and driftwood collecting is another recreational pursuit.

Monastery Beach, the southernmost section of the park, experiences
the heaviest recreational use. On a typical weekend, user density at
Monastery is about 2,000/mile/day, and only 450/mile/day for the rest of
the beach. On the peak usage day in 1977, there were .about 2,750 people
at Monastery Beach.

Monastary Beach is used primarily by skin divers. In a 1972 survey,
Fish and Game found that skin diving at Carmel River State Beach accounted
for about 14,848 diver days or 31.6% of all diving activity in California
from Pismo Beach north. Most diving is SCUBA diving started from Monastery
Beach.

Scientific Use

Numerous academic and public agencies have utilized Carmel Bay in
biological and oceanographic studies. However, the bay has not been stu-
died as extensively as nearby Monterey Bay. Much of the literature relat-
ing to this research is listed in the bibliography.

Hopkins Marine Station has, in the past, researched the intertidal
aspects of Carmel Bay. Staff or students from Hopkins have studied the
distribution, productivity and recruitment of organisms in the vicinity
of the previous Carmel outfall. Dr. Isabel Abbott of the Station conducted
pre-and post discharge surveys at the old and new discharge locations,
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and recommended a program for monitoring the biota near the new discharge
location. In addition, the species of sea anemones found in Carmel Bay
have been surveyed, and Dr. Isabel Abbott has conducted research on Stili-
water Cove ailgae.

Moss Landing Marine Laboratories utilizes Carme) Bay extensively for
research and instruction. Recently completed work includes a research
on the effects of kelp harvesting on snail populations, (Hunt, 1976) and
a study of the bat star, Patiria miniata and its commensal polychaete in
Stillwater Cove (Farris, 1977). Other work includes a study of the popula-
tion dynamics of Pterygophora sp., a study of the turban snail, Tegula
sp. distribution, and examination of sea otter-sea urchin interaction
{(Mike Foster, personal communication). These studies utilize stations
off Pescadero Point and in Stillwater Cove.

Moss Landing's Subtidal Ecology class maintains two permanent stations
in Stillwater Cove and has recorded the algae and macroinvertebrates pre-
sent there for the past two years. Individual student projects for the
class also utilize these stations. In addition, Moss Landing uses the
cove as a dive site for its basic SCUBA class.

Carmel Bay has also provided thesis problems for students at Univer-
sity of California, Santa Cruz and at the United States Naval Postgraduate
School.

The California Department of Fish and Game has recently conducted
two long-term projects in Carmel Bay. Field work for the Central Calif-~
ornia Marine Sportfish Survey was completed in 1977, and involved research
on the distribution and relative abundance of juvenile sport fish, the
effects of kelp canopy removal on juveniles, and 1ife histories of common
inshore fishes. The ongoing Sea Otter Study includes aerial surveys of
Carmel Bay kelp beds, and documents the distribution, population structure,
and 1ife history of sea otters. (Jack Ames, personal communication).

Monitoring studies of the Carmel Sanitary District discharge have
generated a great deal of information on the distribution, abundance,
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and species composition of the subtidal biota in the south bay. The work
has been done under contract by various engineering firms (see bibli-
ography). The 1977 biological oceanographic Titerature review by Kinnetics
summarizes studies which have been done in the vicinity of the outfall

and elsewhere in Carmel Bay.

The intertidal zone of the bay is particularly valuable for educa-
tional purposes, as a variety of relatively unspoiled habitats exist in
close proximity to each other and illustrate local geological features.
- Primary, secondary and college level classes from as far away as Fresno
utilize Mission (Carmel) Point during low tides for field trips.

Two major and fairly recent reference works, Marine Algae of Calif-
ornia, and Light's Manual to Intertidal Invertebrates of the Central
California Coast, draw heavily from specimens collected in Carmel Bay.

The bay is the type locality for many species (see Appendix 1) i.e., the
original species description was prepared based on a specimen{s) cellected
from this area. Some species are restricted to the bay (see Appendix 1),
and unnamed species are still being found.

The biotogical diversity and richness of Carmel Bay, together with
its proximity to numerous academic institutions, make it an extremely
important site for scientific research and education.

Transportation Corridors

Land Transportation Routes: Between Pescadero Point and the city
of Carmel, the ASBS is bordered by the privately owned Seventeen Mile
Drive (Figure 11).

The drive is used by residents, transients and tourists, with use
by the different categories somewhat staggered throughout the day. In
1977, a total of about 3 1/2 million vehicles entered the drive (average
= 9,900 vehicles/day). The average for the off season was 8,731 vehicles/
day; the average for the summer season was 11,523 vehicles/day, or a 76%
increase. Maximum use in 1977 occurred during the PGA golf tournament,
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when over 17,000 vehicles entered the drive daily (all data, traffic counts
by Pebble Beach Corporation). '

South of the Seventeen Mile Drive, the ASBS is bordered in Carmel
by city streets.

The city estimates that over 12,000 cars enter Carmel daily, with
much of this traffic due to the numerous tourist oriented businesses.

South of Carmel, Highway 1 is a fairly straight two-lane road with
wide shoulders, gentle gradients, and good visibility. The average annual
daily traffic (AADT) in the vicinity of the beach has been estimated at
9,100 (CalTrans, 1975), with peak flows at 1,830 vehicles per hour, close
to the highway's capacity at this point.

CalTrans (1975) projected that an average daily traffic flow of about
15,000 cars by the year 1995 on Highway 1 in the vicinity of the ASBS.
Although peak traffic loads approach the highway's capacity, public opinion
and agency decisions have opposed widening the highway beyond its present
two Tanes.
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ACTUAL OR POTENTIAL POLLUTION THREATS

Point Sources

Carmel Sanitary District Sewage Treatment Plant Discharge: The Carmel
Sanitary District (CSD) sewage treatment ptant serves a large land area .
with a relatively small population. The service area extends to the north
to include Del Monte Forest (collection system maintained by the Pebble
Beach Sanitary District) and to the east to include part of the lower
Carmel Valley. Adjacent to the ASBS, the wastewater collection system
is a combination of gravity flow and pressure lines. The service area
generally does not extend south of the Carmel River, with the exception
of Carmel Meadows (1/2 mile south of the treatment plant), and Hacienda
Carmel. The total population within the service area is about 17,500.

Potential problems with pump station locations in the flood plain,
inadequate peak flow pump capacity, and untreated waste bypasses have
been identified and are proposed for correction. With the exception of
numerous restaurants and a few photography lab discharges, all wastewater
within the system is of domestic origin.

The Carmel treatment plant's current capacity is 2.4 MGD. Within
the present service area, this capacity will not be exceeded until about
1994 (Kennedy Engineers, 1978).

However, much of the area adjacent to the present service area is
being developed, and the district was asked to consider the impact of an
expanded service area on flows into the plant. As a relatively high growth
rate is projected for the Carmel Valley in the near future (Sedway/Cooke,
1977), the annexation of these areas would eventually cause a more drastic
increase in plant flows. Kennedy Engineers (1978) estimated that flows
would reach 4.6 MGD in an expanded service area by 1998, with Carmel Valley
and Carmel Highlands contributing 46% of the total flow. The plant's
present capacity would be exceeded almost immediately if the service area
were expanded to include adjacent lands not presently sewered.
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The Carmel sewage treatment plant is located on 15.2 acres of county
tand just south of the Carme]l River and north of the Odello fields. The
treatment plant is 3,000 ft. east of Carmel Bay and is fronted by Carmel
State Beach and agricultural land. The plant is 15 ft. above sea level,
and as stated by the district's information sheet, "all critical treat-
ment units ... are designed to be unaffected by flooding up to the pro-
jected 100 year flood level."

The Carmel plant provides secondary treatment (activated sludge
process) to about 2 MGD of primarily domestic sewage. The district first
committed itself to secondary treatment in 1967; the plant was completed in 1972,
and discharge through the extended outfall line commenced in 1973.

The plant, as designed, had a capacity of 3 MGD. Certain elements
of the secondary plant are oversized to accommodate future expansion.
Both the headworks and effluent pump station have a capacity of 8 MGD,
and contain space for additional facilities which would increase their
handling capacity to 14 MGD. The treatment plant has sufficient land
space to construct additional clarifiers, aerators, and digesters, so
that the overall capacity could be increased to 14 MGD if necessary
(Kennedy Engineers, 1974).

The secondary plant was designed to produce effluent with a maximum
BOD of 20 mg/1 (93X removal), maximum TSS of 20 mg/1l (93% vemoval) maximum
0&GT of 20 mg/1 (67% femoval) and is post-chlorinated without dechlorina-
tion. During the first four years of the secondary plant's operaiion,
the average percentage rempval of TSS was 92% (to 24 mg/l); removal of
BOD was 90% (to 25 mg/1l); and removal of O&GT was 97% (to 1.6 mg/1) (Appe-
ndix ba). Erratic, high values for TSS and BOD have occurred, primarily
during the first two years of the secondary plant's operation, and since
then values (measured daily or three times a week) have not deviated far
from average values. Average Settleable Solids (SS) during these four
years has been .24 mg/1, with the highest monthly average (2.7 mg/1)
recorded in August, 1974. These performance data are based on self-monitor-
ing data that are summarized in Appendix 5.
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heaviest impacted area (about 3m2) remaining "black". The adjacent area
(about sz) was covered by primarily crustose corallines, and the outer
regions (about 10m2) contained Balanophyllia elegans, as well (Kinnetics,
1977). In 1977 Kinnetics reported that "The faunal cover of the impact
area has increased significantly from 1976 to 1977. This increased cover
of animals consists mainly of Balanus and Phragmatopoma." (Kinnetics,
1978). Kinnetics also reported that the black zone had shrunk from 1.5
to 1.2 m in diameter, and "during the fall had essentially disappeared
... (having) a light cover of Prionitis lanceolata and a heavy cover of
Balanus sp." (Kinnetics, 1978).

The apparent partial recovery of the high impact area cccurred over
a period of time when effluent flows were decreasing, and effluent toxicity
was variable and probably increasing (as indicated by the bioassays).
Thus, it is possible that the adverse effects in the high impact area
are due to a significant degree to the high impact of the discharge rather
than to any particular characteristic of the effiuent itself.

Kinnetics commented that "such local effects” as occur in the high
impact area "are expected and cannot be attributed to the general outfall
vicinity." (Kinnetics, 1976, 1977).

The'discharge occurs in a transition area of granite rock and sand.
There is considerable wave action and surge, with the result that the
. bases of rocks are frequently sand-scoured. Even when the effluent con-
tained an inordinate amount of particulate matter, Kinnetics reported
"that no sedimentation was ever noted because of the high water movement
associated with the areai" (Kinnetics, 1976).

Early (1973-1975) monitoring work included dye studies which attempted
to assess the extent of the waste field created by the discharge. The
use of dye as an indicator probably shows diminution to occur less rapidly
than it actually does, as it does not measure biological decay (0SI, 1975).
The maximum extent of the waste field, as indicated by the dye studies,
was 800 meters in a north-south direction and 600 meters in an east-west
direction. However, the observations were limited to a maximum of seven
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hours. The maximum field extended northward to the mouth of the Carmel
River, and southward to the rocky promontory just north of Monastery Beach.
To the west, the field stopped at the 15 fathom curve enclosing the Carmel
submarine canyon. The field reached the shoreline east of the outfall

in one of the five studies (ESD, 1974; 0SI, 1975).

Oceanographic Services, Inc. (1975) postulated that several oceanoc-
graphic features of the area discouraged further dispersion of the waste
fietd. They hypothesized that upwelling in the Carmel submarine canyon
and subsequent vertical currents created a barrier to additional! lateral
spreading of the field to the south and west. They alsc noted that "the
littoral current driven waves refracted toward the Carmel River Beach
acts as a barrier that prevents undiluted effluent from reaching the beach
most of the time." (0SI, 1975).

Within the waste field, the dye studies indicated that dispersion
occurs more rapidly to the south and west, in part because net transport
of water jn the south bay is to the south. Dispersion rates and direction
did not appear to be affected by the tides (0SI, 1975).

In June, 1976, Kinnetics used ammonia concentrations to measure dilu-
tion rates in the receiving waters. During the one-day observation period,
ammonia concentrations at various stations indicated that “the effluent
flow is shoreward, south, and toward the surface, and also that the high
impact area is small." (Kinnetics, 1977). Kinnetics calculated that
the initial dilution in the surface boil was 12:1. However, using U.S.
EPA's plume model, initial dilution would be 62:1 or greater (personal
communication, J. Nighswonger, RWQCB).

The existing outfall line was constructed in 1972, and the sanitary
district began discharging secondary treated sewage through it in mid-
1973. Since that time, various contracted agencies have attempted to
assess and monitor the impact of the discharge on the subtidal environment
(Appendix 4).

Between 1973 and 1975, three different contractors measured physical
parameters -~ temperature, salinity, dissolved oxygen, pH, turbidity, and
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increased sedimentation (Kinnetics, 1976). Their comparison of the sparse
data indicated that the Carmel River seasonally caused a greater reduction
in Tight transmittance than the waste discharge and may have been respon-
sible for some of the turbidity measured along the outfall transect (0SI
graphs, in 0SI, 1975).

Kinnetics concluded that "little or no effect of the wastewater out-
fall can be detected by monitoring the cardinal parameters of DO, pH,
salinity, temperature, etc. The variability in data presented is felt
to be attributed to the natural variability found in a well-mixed, high
water movement area like southern Carmel Bay." ({Kinnetics, 1977).

The Sanitary District has also monitored total coliform in the receiv-
ing waters, primarily at three shore stations located just shoreward of
the outfall, and 1/4 mile to the north and to the south. Values measured
in the receiving waters are almost always low, and do not correlate with
effluent values (Appendices 5c and 5d). Receiving water values also appear
to be unrelated to the dispersion of the discharge as the more distant
shore stations have average values approximating those of the outfall
station. The District periodically measures total coliform at the mouth
of the Carmel River; the data indicate that the river water consistently
has a high coliform content, probably emanating from the lagoon.

During one monitoring period, Kinnetics attempted to determine if
the discharge significantly elevated the level of heavy metals in the
receiving water. They measured concentrations in both sediments and shell-
fish in the vicinity of the outfall, and concluded that "The levels of
metals found in both shellfish and sediments is one of the order of magni-
tude for that found in 'normal' sediments and shellfish from this area."
(Kinnetics, 1978 - statement from Dr. John Martin, Moss Landing Marine
Laboratories).

Various contractors have also attempted to monitor the impact of
the discharge on the subtidal biota in the vicinity of the discharge
(Appendix 4). The results of several _years of biologjcal monitorina_ are
largely inconclusive, for several reasons: (1) A predischarge survey
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Kinnetics summarized the results of three years (1975-1977) of bio-
Togical monitoring efforts as follows:

Previous results (1975-1976) did not detect gross biological
damage attributed to the wastewater effluent, either by qualitative
diver/biologist observations or by quantitative benthic monitoring...
(there is) significant spatial and temporal variability in the
rocky substrate communities. Except for the high impact station,
none of the sampling sites possessed patterns different from
the others beyond what can be expected to occur naturally.
(Kinnetics, 1978).

Vessel Discharges: There is very 1ittle boat traffic or mooring in
the ASBS, and consequently vessel discharges are not a significant source
of water pollution in the ASBS. The private mooring facilities in Still-
water Cove are used by Tocal residents who would have no reason to stay

overnight on their boats. Other temporary moorings are for boats too

small to accommodate overnight use. A few transient yachts and large
sailboats anchor in the cove primarily during the summer; on major holidays
such as the Fourth of July the cove may contain up to forty or so transient
boats. It is likely that these larger, more luxurious boats have holding
facilities for sanitary waste, although this was not determined for pur-
poses of this report.

Nonpoint Sources

The ASBS drains a large area of undeveloped land; the Carmel River
Basin alone is at least 225 square miles in area. San Jose Creek has a
large watershed which extends several miles eastward. Pescadero Canyon
and other unnamed ravines also contribute a considerable amount of run-
off to the ASBS on an intermittent, seasonal basis. Depending on adjacent
land uses, non-point source discharges to the ASBS could therefore consti-
tute a considerable water quality threat because of the large land they
drain. There is an overall lack of credible information on the potential
impact on non-point water quality impacts to the ASBS.

Agricultural and Silviculture Wastes: The use of pesticides and
herbicides on Pebble Beach Golf Course, which borders the northern portion
of the ASBS, was not investigated, although it is probably minimal. As
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mentioned previously, the cliff sides immediately adjacent to the ASBS
have not been 1andscaped, so chemicals applied locally would not come in
contact with the intertidal zone. Pescadero Canyon and an unnamed ravine
within the golf course have also been left in a wild state, so that dis-
charges from them would not be expected to contain pesticide or herbicide
residues..

The use of pesticides or herbicides on the Odello artichoke field
was not investigated. An unpublished information report on the Three
Ranches area by the Monterey County Planning Department (compiled in 1975)
states that "Remaining Odello property, east of State Highway One changed
from artichoke production to lettuce and other crops as a result of restric-
tions to pesticide spraying activities.”

Historically, both the Hudson and Fish ranches have been used for
grazing cattle and, to a Tesser extent, horses. Grazing activity is not
concentrated in one area and does not appear to adversely affect water
quality in San Jose Creek. The creek has been used as a drinking water
supply by the property owners for years and was even considered as a poten-
tial water supply for the proposed Pt. Lobos Ranch development (Whistier-
Patri, 1977).

0il Spills and Seeps: No known o0il spills of any magnitude have
occurred in proximity to the ASBS. At the present time oil tankers travel
the ccast a minimum of five miles offshore. Much of the boat traffic
within the ASBS consists of sailboats, kayaks, and other non-powered ves-
sels, further reducing the Tikelihood of even minor spills or bilge wastes
occurrihg in the ASBS.

Land Development: Non-point source run-off from the City of Carmel
(total land area: 580 acres) is discharged to the ASBS via a number of
storm drains. The largest storm drain is an open ditch which drains the
northern, hilly portion of the City. The collected run-off is discharged
to the City beach via a 4-foot diameter concrete culvert, and during dry
weather is absorbed by the sand before reaching the bay. Another fairly
large drain is located at the foot of Ocean Avenue; the street side of
the drain has been modified to prevent sand intrusion. About eight smaller
drains discharge to the beach in other areas.

=87~



Run-off from the eastern part of the City is directed south and dis-
charged to the Carmel River. ESI (1977) estimated that 60% of the City's
run-off is discharged to the beach area, with the remainder going to the
Carmel River. The drains are "virtually dry" except during the rainy
season (Bill Askew, pers. comm.), which extends from November to April.
The only data on storm water quality is from samples taken by the Carmel
Sanitary District on April 30, 1976. The samples were taken from two
storm drains, at locations close to the discharge point. The average
concentrations of trace minerals in the samples were as follows:

Metal Average Concentration
Copper 0.03 mg/1
Chromium 0.002 mg/1
Iron 0.56 mg/1
Manganese 0.04 mg/1
Nickel 0.01 mg/1
Silver 0.01 mg/1
Cadium 0.002 mg/1
Zinc 0.10 mg/1
Mercury 0.0002 mg/1
Arsenic  0.01 mg/1

The samples were not analyzed for lead, for which elevated levels
would be expected in an area with heavy traffic and considerable street
parking. The copper and zinc values were higher than anticipated suggest-
ing that storm drain discharges warrant further examination as a possible
source of water pollution.

The Monterey County Health Department has a record of 4,000 septic
tank permits in Carme] Valley. The Department does not feel that the
septic tanks have a direct adverse impact on water quality in Carmel Bay
(Wong in ESI, 1977).

Harbor Developments: Stillwater Cove is basically an unimproved anchorage.
There are no fuel storage facilities or commercial activities here which
would constitute a potential source of water pollution. A small quantity
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of kelp is cut in the cove each year to facilitate mooring. The effect
of moored vessel discharges has not been assessed.

Solid Waste Disposal: Sludge from the Carmel Sanitary District is

partially dewatered and temporarily lagooned on site. The lagoons are
approximately 3,000 feet east of the ASBS and do not constitute a potential
or actual source of water pollution.
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SPECIAL WATER QUALITY REQUIREMENTS

The hydrocorals Allopora california and Allopora porphyra are able
to grow in the ASBS due to the combination of clear water, high relief
rock, and lack of fine sediment. These species would be adversely affected
by increased sedimentation, and as they are quite attractive, could also
be threatened by diver predation.

Sea otters, found here in large densities, may be particularly vul-
nerabie to oil spills. Otters rest on the surface and would therefore
readily pick up surface ofi; oil could destroy the integrity of their
coats, which is necessary for their survival. In addition, since sea
otters are predators of marine organisms, primarily abalone, urchins,
and clams, they are susceptible to the adverse effects of accumulated
toxicants, such as trace minerals and organics. Source control of these
toxicants is essential to minimize build-up in the marine food chain.
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ANNOTATED BIBLIOGRAPHY

Physical/Chemical Description

Nearshore Waters

1, Abbott, Isabella A. 1972, Carmel Bay interim report (Biological) for
the Carmel Sanitary District 73 pp. (see Receiving Water Monitoring
Reports for annotation).

2. Blaskovich, David D. 1973, A drift card study in Monterey Bay, Califor-
nia:_ September 1971 to April 1973. Moss Landing Marine Laboratories
Technical Publication 73-04. 87 pp.

3. Engineering Science, Inc. 1977. Oceancgraphic Investigations in Carmel
Bay-Review of Existing Information., Berkeley, Califonia. 185 pp.
(see Receiving Water Monitoring Reports for annotation).

. 4. Environmental Services Division. 1974, Carmel Bay Monitoring Prograﬁh
Final Report. .140 pp. (see section C,Receiving Water
Monitoring Reports, for annotation).

5. Hérville; John P. 1971. Environmental studies of Monterey Bay. and the
centtral California coastal zone. Annual report, July 1971. National
Sea Grant Project #GH-94. 166 pp.

6. Interim Report physical and chemical parameters Carmel Bay for Carmel
Sanitary Distriet. 1973. 9 pp.

7. Odemar, M. W. 1971, A survey of the maripne environment near the city
of Carmel ocean outfall., Calif, Dept. Fish and Game Marine Resources
Region Administrative Report 72-9. 17 pp.

8. Sverdrup, H. U., Martin W. Johnson and Richard H., Fleming. 1942, The
Oceans, their physics, chemistry and general biology. Prentice-Hall
Inc., Englwood Cliffs, New Jersey. 1087 pp.

9. Wong, W. F., L. R. Talley, S. F, Middlebrook and C. W. McElroy., 1970.
A study of the bacteriological quality of Monterey and Carmel Bays,
April 1969 through May 1970. Monterey Co. Health Dept., Santa Cruz
Co. Health Dept., State Dept. of Public Health and Central Coast
Regional Water Quality Control Board., 141 pp.

10. Zardeskas, Ralph A, 1971. A bathymetric chart of Carmel Bay, California.

- ' National Technical Information_Service. United States Naval Post-
graduate School M, S, Thesis. Monterey, California. -113 pp.

Géophysical Characteristics

1. California, State of, The Resources Agency, Department of Water Resources.

1969, Carmel River Basin Water Quality. 46 pp. appendices, plates.
Contains description of (1) physical features of Carmel Valley, and land

use; (2) influence of geology on ground and surface water quality; (3) water
supply and sewage treatment plant, with projected demands, and (4) water quality
data, mostly mineral analyses, from Carmel River stations and treatment plant
effluent, Description of land use and treatment plant are outdated.
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2. Martin, Bruce D. and K. 0. Emery. 1967. Geology of Monterey Canyon,
California. Am. Ass. Petroleum Geologists Bulletin 51(11):2281-2304.

3. Moritz, Carl Arthur Jr. 1968, A descriptive survey of the head of
Carmel submarine canyon. United States Naval Postgraduate School
M.5. Thesis. Monterey, California. 82 pp.

4, Sedway/Cooke and J. Richard Recht Associates. 1977. Carmel Sanitary
District Areawide Facilities Plan EIS/EIR Pepulation Projectioms.
San Francisc¢o, California. 32 pp. (see section C, Planning Docu-
ments, for annotation).

5. Simpson, John P. III. 1972. The geology of Carmel Bay, California.
United States Naval Postgraduate School M.S., Thesis. Monterey,
California. 73 pp.

6. TUnited States Army Corps of Engineers. December 1974, Alternative plans
of improvement for Carmel River Basin. 8San Francisco, California.

14 pp., plates.

Presents several alternatives, with costs and environmental consideratioms
for flood control in Carpgel Valley. Alternatives included an additional
reservoir, set back levees, flood plain zoning, and flood protection for
existing structures. None of the alternatives were accepted which involved
modification of the river,

. Climate

1. Elford, C. Robert and John E. Stils. 1968. The climate of Monterey
County. Environmental Science Services Administration, San Fran-
cisco, California,

2. Harville, John P, 1971. Environmental studies of Monterey Bay and the
central California coastal zome. Annual report July 1971. National
Sea Grant Project #GH-94, 166 pp.

|

3. Whisler-Patri. 1977. A Cencept Plan for Pt. Lobos Ranch prepared for
the Headlands Corporation and the Riley family. San Francisco,
California, 27 pp. (see Planning Documents for annotation).

4., United States Army Corps of Engineers. December 1974. Alternative plans
of improvement for Carmel River Basin. San Francisco, California.

14 pp., plates.

Presents several alternatives, with costs and environmental considerations
for flood control in Carmel Valley, Alternatives included an additiomal
reservoir, set back leve@s, flood plain zoning, and flood protection for
existing structures. None of the alternatives were accepted which involved
modification of the river,
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10.

11.

12.

13.

14.

15.

1s6.

17.

18.

19.

20.

21,

22.

23.

Frazier, Ralph R, 1947, A survey of the gastropoda of Mytilus
californisnws communities on Mussel Point, California. Unpub-
lished Student Report, U.C. Berkeley, Zoology 112-212,
volume 16, 20 pp.

Goff, Richard A, 1947, Macrofauma in Pelvetia beds. Unpublished
Student Report, U.C. Berkeley. Zoology 112-212, volume 16.

10 pp.

Gordon, Leslie S. 1947, Some factors which influence the distri-
bution of chitons in the Monterey area. Unpublished Student
Report, U.C. Berkeley. Zoology 112-212. 32 pp.

Hand, Cadet. 1954. The sea anemones of central Californica.
Part I: The Corallimorpharian and Athenarian anemones.
Wasmann J. Biol. 12:3, 345-75.

Hand, Cadet. 1955a. The sea anemones of central California.
Part II: The Endomyarian and Mesomyarian anemones. Wasmann
J. Biol, 13:1, 37-99.

Hand, Cadet. 1955b. The sea anemones of central Califormia.
Part III: The Acontiarian anemones. Wasmann J. Biol.
13:2, 18-251,

Hewatt, W. G. 1937. Ecological studies on selected marine inter—
tidal communities of Monterey Bay, California., Am, Midland
Natur. 13:161-206,

Hyman, Libbie H. 1%55. The polyclad flatworms of the Pacific
coast of North America: Additions and Corrections. Am.
Museum Novitates 1704:1-11,

Marcus, Ernst. 1961. Opisthobranch mollusks from California,
The Veliger Volume 3 supplement.

May, R. M. 1924, Ophiurans of Monterey Bay. Proc. Calif,
Acad., Seci., (4)13:261-303. '

Original work on brittle stars in Monterey Bay.

McDonald, Gary R. 1977. A review of thenudibranchs of the Cali-
fornia coast. Unpublished M.S. Thesis, California State

University, Hayward. 373 pp.

Osburn, Raymond C. 1950. Bryozoa of the Pacific coast of America.
Part 1: Cheilostomata -~ Anasca., USC Press, Los Angeles,
California. 269 pp.

Osbum, Raymond €. 1952, Bryozoa of the Pacific coast of America.
Part 2 : Cheilostomata - Ascophora. USC Press, Los Angeles,
California. 611 pp.

Osburn, Raymond C. 1953. Bryozoa of the Pacific coast of America.
Part 3: Cyclostomata, Ctenostomata, Entoprocta and Addenda. USC
Press, Los Angeles, California. 841 pp.
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24, TRicketts, Edward F. and Jack Calvin. 1968, Between Pacific Tides.
Fourth edition, revigded by Joel W. Hedgpeth., Stanford University
Press, Stanford, California. 614 pp.

Classic text describing intertidal flora and fauna of the Pacific
coast, mostly northern California. Various habitats and characteristic
organisms are described. Systematic index is included as well as an
annotated bibliography. '

25. Smith, Aliyn G. and McKenzie, Gordon Jr. 1948, The Marine mollusks
and brachiopeds of Monterey Bay, California and vicinity. Proc.
Calif, Acad. Sci. 4:26,8,147-245.

26, Smith, Gilbert M, 1944. Marine Alpae of the Monterey Peninsula,
California, Stanford U. Press, Stanford, California. 622 pp.

27. Smith, Ralph I. and James T. Carlton, eds. 1975. Lights Manual:
Intertidal invertebrates of the central California coast. Third
edition, U.C. Press, Berkeley, Californla. 716 pp.

Contains keys for intertidal invertebrates of the central California
coast} figures and brief synonomies included.

28. Stephenson, T. A. and Anne Stephenson. 1972, Life between tidemarks on

rocky shores. U. H, Freeman and Co., San Francisco, California.
425 pp.

Discusses rocky intertidal areas throughout the world. Section on
Pacific Grove includes data from Carmel Bay.
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16. Peckman, V. 0. and J. H. McLean, 1961. Biological exploration at the
head of the Jarmel ubmarine anyon. Abstract. Amer. Malaceol.
Union Ann. Rep. p. 43.

17. Simpson, J. P. III. 1972. The geclogy of Carmel Bay, California.
M.S. Thesis, United States Naval Postgraduate Schocl, Monterey,
California. 74 pp.

Author collected and analyzed rock and sediment samples from the sub-
tidal, as well as intertidal, and combined this data with bathymetric and
seismic information to produce the first geologic map of Carmel Bay which
includes the subtidal.

18. Smith, G. M. 1969. Marine Algae of the Monterey Peninsula. Second
edition incorporating the 1966 supplement by G. J. Hollenberg and
I. A, Abbott. Stanford University Press., Stanford, California.
752 pp.

19, Vandevere, J. E. 1969, Feeding behavior of the southern sea otter,
Proc. Sixth Ann. Conf. on Biological Sonar and Diving Mammals,
Stanford Research Institute, Menlo Park, California. 87-94 pp.

20, Wild, P. W. and J. A. Ames. 1974, A report on the sea otter Enhydra

lutris L., in California. California Department of Fish and Game.
Marine Resources Tech. Rept. 20:1-93.
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ANNOTATED BIBLIOGRAPHY

Land/Water Use, Sources of Water Pollution Description

Skindiver Use

1.

Miller, Daniel J., et al. 1974. Results of the 1972 skindiving

assessment survey, Pismo Beach toc Oregon, California Depart-
ment of Fish and Game Marine Resources Technical Report No. 23
(manuscript). 61 pp.

Central and northern California skindiving effort estimated by county,

specific port and spearfishing, ete, Figures compared with those from
1960 survey.

‘2-‘

Stewart, Katherine. 1976. ‘Diver's preferences and proposals for
underwater park management at Carmel Bay, = California, M.S.
Thesis, California $State University, Fresno. 64 pp.

Contains survey information on: (1) diver's knowledge of man induced

impacts on Carmel Bay natural resources, and opinions on how such resources
should be managed, and (2) number of trips made to Carmel Bay versus dis-
tance from home; desired accommodations at the dive sites, Author reviews
controversy surrounding designation of the inner bay as an ecological
reserve and considers environmental impacts which could lessen Carmel Bay's
desirability as an underwater park.

Scientific Use

1.

Abbott, Isabella A, and George J., Hollenberg, 1976, Marine Algae of
California. Stanford University Press, Stanford, California.
827 pp. (see Intertidal Description for annotation).

Environmental Services Division. 1974, Carmel Bay Monitoring Program
Final Report, February 1974. 140 pp. (see Receiving Water Moni-
toring Reports for annotation)..

Engineering Science, Inc. 1977. Oceanographic Investigations in Car-
mel Bay Review of Existing Information. 185 pp. (see Receiving
Water Monitoring Reports for annotation).

Hunt, Douglas E. 1977. Population dynamics of Tegula and Calliostoma
in harvesting kelp. June 1977. Unpublished M.S. Thesis, San
Francisco State University. 81 pp.

Farris, Monica. 1977. The seasonal variation in the occurrence of the
commensal polychaeteQOphiodromus pugettinsia (Johnson) om the bat
star Patiria miniata (Brandt). Aug 1977. TUnpublished M.S. Thesis,
San Francisco State University. 55 pp.

Oceanographic Services. Inc. 1975, Carmel Receiving Water Monitoring
Program, Final Report. OSI #04411, prepared for Carmel Sanitary
District (see Receiving Water Monitoring Reports for annotatiom).
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Three ranches are Odello, Fish and Hudson properties. Plan called for
residential development primarily on Odello property. Incorporated into
the Monterey County General Plan, but never implemented. Contains history
of land use and ownership on the three ranches.

2. Whisler-Patri. 1977. A concept plan for Pt., Lobos Ranch, prepared for
the Headlands Corporation aand the Riley family. BSan Francisco,
California. 27 pp., appendices.

Description of current proposed development of Pt, Lobos Ranch property
located east of Highway 1 (residential, tourist-oriented, and commercial
recreational). Development features are related to California Coastal
Commission Act provisions, and the commission's 1977 Interpretive Guidelines.
Appendices discuss (1) the impact of the development on Highway 1 traffic,
(2) alternate water supply and sewage disposal systems, and (3} area zoning
and regulations. An inventory of plant communities found within Pt. Lobos
Ranch is also attached.

3. Bordonaro, Sebastian J. 1978 (Draft). Odello agricultural land pre-
servation system. Carmel, California. 32 pp.

General description of proposed development for Odelle Ranch property
east of Highway 1, Detailed site plans for each element in the development
(condominiums, farmer's market, etc.), including circulation patterns,
landscaping, and utilities design.

4. County of Monterey., 1976, Environmental impact report for Del Monte
Forest 2030 General Plan. Salinas, California. 77 pp., appendices.

_ Appendices contain impact reports on the Del Monte Forest Plan 1977
and therefore are the relevant portion of the document., Public response
to draft EIR, primatily from Del Monte Forest homeowners, also attached,
gives a good indication of why the 2030 plan was not adopted.

(d) Coastal Zone Commission documents

1. Central Coast Regional Coastal Zone Conservation Commission, 1974,
Permit boundary revisions. 7 pp. appendix, plates,

Gives revised coastal zone boundaries for Monterey County, based on
inland extent of tidal influence., Appendix discusses indicators of
brackish waters.

2, Monterey County Planming Department. 1977, Local coastal program:
preliminary statement of issues. Salinas, California. 42 pp.
appendix.

Description of land use, zoning and potential confljicts between
California Coastal Act of 1976 and-present/potential land use for (1)
unincorporated areas adjacent to Carmel Bay (Pe&bble Beach, Carmel
Meadows) and (2) Carmel River State Beach. :

3. City of Carmel-by-the-Sea. 1978. City of Carmel-by-the-Sea local
coastal work program (Draft). Carmel, California. 41 pp.
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Contains most current description of land use, parks and open space,
and public services in the city and the surrounding '"sphere of influence."
Summary of planning documents and zoning laws in effect or which, if
adopted, would alter land use significantly. More detalled description
of beach front area. Potential conflicts between actual/potential land
use and Coastal Zone Commission policy are identified and work tasks are
outlined, with the intent of providing data necessary for reconciling
conflicts.

(e} Miscellaneous

1. Sedway/Cooke and J. Richard Recht Associates. 1977. Carmel Sanitary
District Areawide Facilities Plan ETS/EIR: population projections,
San Francisco, California. 32 pp.

Part of a larger EIS/EIR being prepared on extension of the sanitary
district's service area. Projections are made for population growth in the
extended service areas as a means of estimating sewage flows if service is
provided. Populations considered were permanent, overnight transient, and
day wvisitor, Appendices discuss water supply and transportation corridors
as possible constraints on population growth here,

Carmel Sanitary District

{(a) Sewage Treatment Plant Design and Operation

1. FKennedy Engineers, Inc. 1969, Carmel Sanitary District Monterey County,
Californiat Adopted waste treatment plant expansion program. San
Francisco, California. 6 pp. graphs, maps.

Costs and sources of funding for improvements on primary treatment
plant and outfall extension. Projected flow figures and location of
secondary treatment facilities graphically presented.

2. Kennedy Engineers, Inc. 1974. Carmel Sanitary District, Carmel:
Operation manunal for water pollution control plant. San Francisco,

California. 155 pp. diagrams, appendices.

Contains generalized description of secondary treatment plant facilities
and operation during interim period and when design capacity is reached.

Provides a detailed description of each unit process (for plant operators),
with anticipated operating parameters, and problems, and recommends in-
spection, monitoring and maintenance  procedures., Support facilities
are described and diagrammed in detail, particularly the electrical system
with its numercus motor control centers, The alarm system is outlined and
procedures listed for possible emergency situations such as power failure,
hydraulic overloading, and flooding. Present treatment plant operation is
slightly modified from engineers' description presented here,

3. Pacific Environmental Laboratory. November 1974, Final environmental
impact report for the proposed extension of sludge drying beds
at the Carmel Sanitary District water pollution control plant.
San Francisco, California. 33 pp.

Environmental setting (with photographs); project description; consid-
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4. Kennedy Engineers, Inc. 1975. Supplement tothe second summary report-
wastewater renovation potential,Odello property testing program for
the Carmel Sanitary District. San Francisco, California. 26 pp.
appendices.

Infiltration rate of applied effluent is revised, based on data from
three additional periods of loading. Discusses nitrate and phosphate
concentrations in renovated wastewater, nutrient removal efficiency of
land application, and implications on disposal alternatives for renovated
effluent. Summary and copies of letters from public agencies and indivi-
duals on altermatives for disposal of the district's sewage effluent.

5. United States Environmental Protection Agency. 1972. Final environ-
mental statement, ocean outfall extension project. Carmel Sani-
tary District, Carmel, California. 17 pp. appendices.

Description of present outfall, and proposed extension. Adverse im-
pacts considered very gemerally with little reference to specific situa-
tion. Alternatives and cost factors mentioned. Appendices contain
lengthy comments by the local scientific commumity and public agencies,
and a copy of the district's receiving water monitoring program.

6. FKennedy Engineers, Inc. 1974, Carmel Sanitary District., Project
report on effluent disposal-summary comparison of alternmatives.
(Chapter VIII) (Draft). San Francisco, California. 30 pp.

Prompted by possible designation of Carmel Bay as an ASBS. Disposal
alternatives evaluated in terms of social, economic and ecological costs/
benefits. Estimate of cost based on level of treatment required for each
alternative, in addition to actual disposal cost. Alternatives considered
are similar to those being considered at the present time: extended or new
outfall, discharge to Carmel River, and reclamation.

7. Kennedy Engineers, Inc., March 1978. TFeasibility report area-wide
facilities plan, Carmel Sanitary District., San Francisco, Cali-
fornia. 101 pp. appendices.

Report summarizes, then evaluates twenty alternatives for disposal of
Carmel Sanitary District's effluent in terms of (1) environmental impact,
(2) level of treatment required, and (3) cost (includes (2) and (1) ).

Alternatives evaluated for both existing and expanded (Carmel Valley)
service area. Appendices contain (1) comments on first draft and alterma-
tives themselves; (2) more detailed cost analyses of alternatives and
{(3) maps illustrative of alternatives,

Receiving Water Monitoring Reports

1, Abbott, Isabella., 1973, Carmel Bay interim report (biological); being
a semi-quantitative effort for evaluating the nearshore biota
adjacent to the proposed subtidal sewage discharge line of the
Carmel Sanitary Distriet., Carmel, California. 73 pp.

Predischarge study included rocky, sandy and transition subtidal
stations near outfall extension, and at "control" station., Attempt to
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Local Sources of Information

Marine Resource Harvesting

1. Jim Hardwick, California Department of Fish and Game, Monterey
(commercial fishing).

2, Dan Miller, California Department of Fish and Game, Monterey (skiff
effort).

3. Leo Pinkas, California Department of Fish and Game, Long Beach (kelp
cutting).

Municipal and Industrial Activities

1. Mr. W. C. MeClelland, Pebble Beach Corporation (Del Monte Forest).
2. Mr. Robert Griggs, Planner, City of Carmel-by-the-Sea.

3. Mr. David Young, Planner, Monterey County Planning Department
(county zoning, Carmel Valley Master Plan).

Governmental Designated Open Space

1. Chief Ranger Brown, California Department of Parks and Recreation
{Carmel River State Beach).

2. Mr. Bill Askew, Department of Public Works, Carmel (Carmel City Beach).

3, Mr. Greg D'Ambrosia, Forester, City of Carmel (Carmel City Beach,
seawall).

4, Mr. Don Hood, Department of Parks and Recreation, Sacramento (land
acquisition~Hudson, Briggs property).

5. Mr. Emil Smith, Department of Fish and Game, Sacramento (Carmel Bay
Ecological Reserve),

Recreational Uses

See C-4, 1. énd 2.

Transportation Corridors

See C-2, 1, and 2.

Point Sources of Water Pollutiom

1. Mr, Max R. Drewien, General Manager, Carmel Sanitary District.
2. Mr. Kevin Walsh, District Engineer, Carmel Sanitary District.

3., Wilce Martin, Assistant Chief Operator, Carmel Sewage Treatment Plant.
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Hopkins Marine Station unpublished undergraduate papers, 1970.‘ Note:

Studies were on shallow subtidal ocutfall discharging primary treated
sewage. Outfall has since been moved offshore and sewage recelves
secondary treatment.

1. Bachelor, Eric Paul. A comparative study of the primary productivity
of Prionitis lanceolata Harvey, near and away from the Carmel
marine sewage outfall.

Author found samples collected in proximity to the outfall exhibited
higher productivity umder laboratory conditions than those from control
stations. GCreater pigment concentration and added nutrients from the dis-~
charge ave given as possible explanations for higher productivity.

2. Grey, Douglas P. Distribution of marine algae in the vicinity of a
sewage cutfall at Carmel, California,

Author found definite gradient in abundance of certain species of algae
with increasing distance from outfall, Species diversity also increased
with greater distance of intertidal area from outfall, except in highest
intertidal. Paper also contains results of current studies and water
quality sampling.

3. Holstrom, Marshall. Distribution, reproduction, recruitment and pig-
ments of the stalked barnacles Pollicipes polymerus in the vicinity
of sewage outfalls at Pacific Grove and Carmel, California,

Author found the gradient in reproduction and recruitment rate was
better correlated with distance from the outfall to the south than at
Pt. Pinos. The outfall discharge was found to be less harmful to these
invertebrates because of the lower chlorine residual.

4, Nakata, Michael M, The distribution and abundance of marine ilntertidal
fauna around a primary sewage effluent in Carmel Bay, California.

Author noted and measured gradient in abundance of certain macro-
invertebrates corresponding to increased distance from outfall. Species
diversity also measured along transects and in quadrats, Bioassay conducted
using limpets as test organisms, with 2-20% concentrations of chlorinated
and wnchlorinated Carmel sewage effluent. Location of study sites is the
same as for Grey's work (referenced above).

5. Schreiber, James R. Effects of residual chlerine in sea water on the
photosynthetic activity of three marine algae.

Author found that photosynthetic activity was adversely affected by
chlorine residual of 5 ppm. Graph of chlorine residuals vs. distance
from Carmel outfall at high and low tides. Carmel Bay current data.

6. Welsh, James. Coliform distribution and coliform uptake by Mytilus
. ¢alifornianus in Carmel Bay.

Author correlated abundance of Mytilus with distance from outfall.
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Measured total coliform count in surface waters varying distances from
outfall; total count too small to correlate with surface currents.
Attempt to measure uptake of coliform by transplanted mussels unsuccess-—
ful due to contamination of equipment.
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APPENDIX 1 Continued

Substrate
Species Abun Zone Rock Epiphyte Other
C. sakaii SA 4 X - -
C. stimpsonii F - X - Shells
Bryopsis corticulans F 3-4 X - Exposed to strong surf
B. hypnoides o-a 3 X - -
Derbesia ﬁarina F 4 X - Cryptochiton stelleri,
‘ corallines
.Codium fragile F-C - X - -
€. setchellii : : F 4 ' X - -
DIVISION PﬁAEOPHYCEAE
Order Ectocarpus
Ectocarpus acutus var acutus F 4—sub X - -
E. corticulatus ' 0 - - X -
E. parvus C - - X -
Feldmannia chitonicola C 3 - - Chiton or limpet shells
F. cylindrica - F 3-4 - X | Limpets
Giffordia mitchelliae C 4 X. - X -
G. saundersii - 3 - - -
Spoﬁgonema tomentosum I-F - X -
Streblonema myrionematoides C 3-4 - X -
Order Chordariales
Myrionema balticum F 4 - X -
M. corunmae 0-A 4 - X -
Compsonema intricatum* - 3 - X -
Hecatonema primarium C 4 - X -
Ralfsia hesperia* I-R 1-~2 - X -
R. pacifica c 2-3 X - -
Hapalospongidion gelatinosum C 1 X - -
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APPENDIX 1 Continued
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Substrate
Species Abun  Zone Rock Epiphvte Other
Leathesia difformis C 2-3 X -
L. nana (b/4) 0 2-3 - -
Cylindrocarpus rugosus (b/4) C 2 - -
Analipus japonicus (a/2) F-¢ 2 X Exposed to heavy surf

, Haplogloia andersonii - 3-4 X -

Order Dictyosiponales
Coilodesme californica C 4 - -

., C. plana c-0 4 - -
Punctaria hesperia 0 4 - -
Halorhipis winstonii* (b/4) a 4 X -
Soranthera ulwoidea c 3 - -

Order Scytosiphonales
Scytosiphon dotyi o-F 2 X Winter annual
S. lomentaria (a,b/2,4) A 3-4 X -
Petalonia fascia (b/4) F 2-3 X -
Colpomenia bullosa 0 3 X -
C. peregrina c 4 X -

Order Sphacelariales
Sphacelaria didichotoma* R 4-sub - -

Order Desmarestiales
Desmarestia latifrons F 4=gub X -
D. ligulata var ligulata A 4-gub X Wood

Order Laminariales
Laminaria dentigera (e/3) C 4egyb X -
L. ephemera T 4 X' -
Costaria costata (c/3) C 4-gub X -



APPENDIX 1 Continued

Substrate
Species Abun  Zone Rock Epiphyte Other
Peyssonellia hairii - 4 X - -
P. meridionalis (d/1) C - X - Shells
Rhododiscus carmelita% - 2 - - Only from intertidal
near Carmel River
Hildenbrandia dawsonii F 2-3 X - -
H. occidentalis c 2 X - -
H. prototypus C 4;sub X - -
Lithothammium aculciferum O IT-sub X - -
L. californicum c IT-sub X' - -
L. crassiusculum 0 IT-sub X - -
L. pacificum* (c/3) C - X - Shells
L. phymatodeum F 4-sub X X Shells
Mel obesia marginata C - - X -
M. mediocris c - - X -
Mesophyllum conchatum C - - X On corallines
M., lamellatum C IT-sub X X On corallines
Clathromorphum parcum C - - X On corallines
Neopolyporolithon reclinatum C IT-sub - X On corallines
Lithophyllum imitans c 4-sub X - -
L. lichenare A - X - Surf
Tenarea ascripticia C 4—sub - X -
T. dispar c 4 - X -
Pseudolithophyllum neofarlowii C - X - -
Hydrolithon decipieuns C-F - X - Shells
Lithothrix aspergillum (c,e,/3) A 4 X - Sandy areas, on
animals
Corallina officinalis var C 4-gub X - -

chilensis (c,d,e,/1,3)
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APPENDIX 1 Continued

Substrate

Species Abun Zone Rock Epiphyte Other
Porphyra sp. (c,d,e,/3)
P. lanceclata* C 2 X - -
P. nereocystis F-A - - X -
P. perforata C-a 2 X - -
P. schizophylla* (a) F 2 - - -
P. smithii* (c¢) o-F -~ - X -
P. thuretii I-R - X X -
Porphyrella gardneri C - - X -

Class Florideophyceae

brder Nemaliales
Rhodochorton concrescens¥* I 4-sub - - Epizodie on inverts
Nemalion helminthoides (b/5) SA - - - -
Cumagloia andersonii (4) A 2 X - -
Gelidium aborescens* C 4-sub X - -
G. coulteri A - X - Dense mats
G. purpurascens C 3-sub - - -
G. pusillum A 2-sub - - -
G. robustum C 4—sub X - -
Pterocladia media o - X - -

Order Cryptonemiales
Farlowia conferta Cc 4 X - Sandy areas
F. mollis F 3-sub X - Sandy areas
Pikea califo;nica F b4-~sub X - -
Cryoptsiphonia woodii - 4 X - -
Dilsea californica F 4=-sub X - -
Constantinea simplex A 4-sub X - -
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APPENDIX 1 Continued

Substrate
Species Abun Zone Rock Epiphyte Other
C. vancouveriensis c - X - -
(c,d,e,/1,3)
Arthrocardia silvae A - X - -
Serraticardia macmillanii A - X - Heavy surf
Bossiella sp. (c,e,/1,3)
B. californica ssp californica C - - - -
(ef3)
B. orbigniana ssp dichotoms F 4 X - -
B. plumosa C 4 X - -
Calliarthron cheilosporiocides F 4-gub X - -
(e/3)
C. tuberculosum C 4-sub - - -
Gloiosiphonia capillaris C 4 X - -
G. wverticillaris c - 4 X - Sand scoured
Endocladia muricata (a,c,e/2,3) A 1-3 X - -
Halymenia schizymenioides* F 4-gub X - -
Grateloupia doryphora A 4 X = Sheltered areas
G. setchellii (d4/3) R 4 X - -
Cryptonemia ovalifolia A - X - -
Prionitis australis 0-F 4-sub X - -
P. lanceolata (c,d/3) A 2-sub X - -
P. linearis (e/3) A 4 X - Course sand
P. lyallii (d/3) ¢ 4-swb X - -
Erythrophyllum delesserioides A & X - Heavy surf
(c/3)
Callophyllis crenulata A 4—sub X - -
Callophyllis firma F 4—-sub X - -
C. linearis A 4-sub X - -
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APPENDIX 1 Continued

Substrate
Species Abun Zone Rock Epiphyte Other
C. pinnata A 4-gub X X Epizoic
C. vioclacea A 4-gub X - -
Order Gigartinales
Petrocelis franciscana c 2-3 X - -
(a,c,d,e/1,2,3)
Schizymenia pacifica c 4-sub X X -
Neoagardhiella baileyi C 4-sub X - Mosgtly near sand
Plocamium cartilagineum C IT-sub X - In sand
P. violaceum c 3 X - Heavy surf
Gracilaria robusta ¥ 4-sub - - -
G. sjoestedtii C 3-sub X - Buried in sand
Ahnfeltia plicata (d,e/3) C 3-4 - - Buried in sand
Gymogongrus linearis C-A 3-4 X - Sand swept
Ozophora latifolia I 4~sub X - -
Gigartina sp. - - X - .Partially protected
: areas
G. agardhii (c,e/3) -C 2-3 X - -
G. canaliculata (e/3) A 3-4 X - -
G. corymbifera c 4-sub X - Surf areas
G. harveyana A 4 X - In fine sand
G. leptorhynchos C 4 X - -
G. papillata kc,d,e/3) C 2-3 X - -
G. spinosa (c/3) F 4 X - Exposed to surf
G. volans A 4-sub - - Sand scoured areas
Iridaea cordata C-A 4-sub - - -
I. cordata var splendens¥® A - X - Exposed coast
(c,e/3)
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APPENDIX 1 Continued

Substrate
Species Abun Zone Rock Epiphyte Other
I. flaccida* (c,e/3) A 3-4 X - -
I. heterocarpa c 3 X - -
I. lineqre* A 4 X - Exposed coast
Rhodoglossum affine (e/3) A 3 X - -
R. californicum C 4-sub X - In sandy areas
R. roseum F 4-sub X - Exposed coasts
Order Rhodymeniales
Halosaccion glandiforme A 2-3 - - -
Botryocladia pseudodichotoma F-A 4-sub X - -
Rhodymenia californica var F-C 4-sub X - -
californica
R. pacifica (e/3) F-C 4-sub X - -
Coeloseira compressa F 3-sub X X -
Gastroclonium coulteri C IT-sub X - -
Order Ceramiales
Antithamnion defectum C IT-sub - X -
A, kylinii C IT~sub - X -
Antithamicnella glandulifera C 4 - X -
A. pacifica var umcinata c - - X -
Scagelia occidentale c 4-sub X' X -
Platythammion pectinatum c 4-sub X - -
P. recurvatum 0 4 X - -
P. villosum C 4-gub X - Pilings
Ceramium gardneri#® (a) 0 4 X - Exposed coast
Ceramium pacificum (e/3) A 3-sub X X -
Centroceras clavulatum A 3-4 X - Sand swept
Microcladia boreélis (2/2) C 2 X - Exposed to surf




APPENDIX 1 Continued

. Substrate
Species Abun Zone Rock  Epiphyte Other
M. coulteri (e/3) A 3-sub - X -
M. californica C 4 - X -
M. sp.
Callithamnion sp.
C. pikeanum c - X - -
€. rupicolum I-C 3-4 X X -
Pleonosporium squarrosum A 4~sub - X -
P. vaﬁcouverianum A 4-gub - X -
Tifféniella snyderiae A 4-gub X - -
Ptilothamnionopsis lejolisea C 4-sub - X On coralline
Ptilota filicina A 4 X - -
Neoptilota densa A 4-~gub - X On coralline
N. hypneides 0 4-sub X X On corallines
Membranoptera weeksiae Cs 4-sub X X -
Delesseria decipiens C5  4-sub X - -
Phycodrys profunda F 4-sub X - -
Anisocladella pacifica A 4 - - Sandy areas
Nienburgia andersoniéna F 4-gub X - -
Nitophyllum hollenbergid 0 4~gub X - -
Hymenena flabelliggré F 4-3ub X - -
H. mulitiloba A 4=-sub X - -
Cryptopleura corallinara c 4 - \ X On corallire
C. lobulifera (e/3) F 4 X X -
C. violacea F-A 4-sub X X -
Botryoglossum farlowianum c 4-sub X - -
Herposighonia plumula F 3-sub X X -
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APPENDIX 1 Continued

Substrate
Species Abun Zone Rock Epiphyte Other
H. verticillata C 4 - X -
Pogonophorella californica F 3-sub x' - ~
Polysiphonia hendryi wvar c 2 X - -
gatdneri
P. hendryi var hendryi F 4 - X -
P. pacifica var pacifica F- 4-sub X - Pilings
P. pacifica var determinata*(b) C 4 X - -
P. pacifica var distans¥* o] - X - -
P. paniculata - 4 X - Sand swept
P. scopulorum var villum F - X X .-
Pterosiphonia baileyi F IT-sub X - -
P. bipinmata F 3-sub X - Esposed coast
P. dendroidea C 3=-sub X - -
Amplisiphonia pacifica F 3-sub X X -
Chondria decipiens F 2-4 X - Pilings
Laurencia blinksii F 4 X - -
L. pacifica C-A 4 - - -
L. spectabilis var spectgbilis F-C 3-4 - - -
Exrythrocystis saccata c 4 - X -
Janczewskia gardneri O0-F 4-~sub - - Parasite

VASCULAR PLANT

Phyllospadix scouleri (c,d/3)
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Ref, for algae list

Abbott, 1972
Brumbaugh, 1964

Environmental Services Divisionm, 1974

Oceanographic Investigations in Carmel Bay, Review of Existing Information, 1977.

Smith, 1944.
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APPENDIX 5b

Effluent Monitoring Data For Carmel Sanitation District

CARMEL EFFLUENT AVERAGE AND MAXTMUM
VALUES FOR CONSERVATIVE ELEMENTSL

Average
Concentratiogns, Maximum Value, 1975-1977;
Constituent 1975-1977 Month and Year Sampled
Arsenic2 <,01 mg/19 .03 mg/1 (5/76)
Cadmium> <.002 mg/1° .006 mg/l (5/76)
Chroﬁiumz .003 mg/l .009 mg/l (5/76)
Copper4 .04 mg/f1 L13 mg/1 (11/77)
Lead? : .022 mg/1 .08 mg/1 (11/75)
Mercury” <.0002 mg/1° .0017 mg/l (5/75)
Nickel? <.01 mg/1°? .01 mg/1l (5/75, 5/76)
Silver® 021 mg/lr .07 mg/1 (5/77)
Zine’ .089 mg/1 .22 mg/1 (11/77)
Cyanide <,.05 mg/l9 .05 mg/1 (5/76)
PCB <.00010 mg/1? .0002 mg/l (5/76)
Chlorinated Pesticides <.0010 mg/1° NONE
TICH <.0010 mg/1° NONE
Gross ALPHA%* <2 pCi/L+6? NONE
Gross BETA% 20+ 1 pCi/L+6 2641 pCi/L+6 (6/75)

1
Data from Carmel Sanitary District., Measurements made semi-annually. Analyses

currently performed by Pacific Environmental Laboratory (Sue Roberts, chemist) on
a Perkin-Elmer 460 model atomic absorption spectrophotometer.
2

Flameless technique,

3

MIBK APDC extraction; flame technique.
4

Flame; MIBK APDC extraction and flame for concentrations <.l mg/l.
5 ‘

Cold wvapor technique.

6

Flame,

7

Flame; MIBK APDC extraction for concentrations < .2 mg/l.

8 .

"ess than" wvalues are averaged as half of the given value.

9
Below level of detection (using technique footnoted for metals).
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APPENDIX 5c
Effluent Monitoring Data For Carmel Sanitation District

197578 TOTAL AND FECAL COLIFORM VALUES:
EFFLUENT, CARMEL SEWAGE TREATMENT PLANT:

Month 19751 1976" 19772 19782
January 18 2 542 372
February 3 2 416 186
March 27 2 713 150
April 417 1 251 77
May 9 6 34 72
June 4 25 180 120
3u1y _ 138 3 46

August 4 1 23

September 36 4 53

October 105 7 79

November 4 6 447

December _6 5 63

Annual Mean 64 5 237 163

lFecal Coliform

270tal coliform. Values would be expected to be higher as test is for
a broader class of bacteria.
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APPENDIX b5e

Effluent Monitoring Data For Carmel Sanitation District

TOXICITY OF CARMEL TREATMENT PLANT EFFLUENT, AS
MEASTURED BY 96-HOUR STATIC BIOASSAY ON STICKLEBACKS
(Gasterosteus aculeatus)

Dissolved Residual
Year TLSO* pH** Oxygen Chloridg
1974 100+ 8.0 7.2 <0.1
1975 85 7.8 8.2 £0.1
1976 62 7.45 7.2 N
1977 38 7.45 3.2 Not Determined

% Percent concentration at which 50% of test organisms survive after
96 hours.

%% Tn undiluted effluent, at start of test.

Source: Carmel Sanitary District, unpublished data.
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